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(T -__CTTIZEN EDUCATTQN ON NUC:[EARTECFNOIOGX S

R A.Message From the Project. Director

o o

'.W@,” The Cltlzen Educatlon on Nuclear Technology (CE&Tj orogram was
funded by ther S. Offlce of Educatlon, ‘and was des1gned to meet the
_,.;.acute publlc need for lnformatlon and educatlon about nuclear- energy,
1ts benefits, and rlsks...": ‘It has been class1f1ed as an adult education y

-

‘ program w1th appllcab llty,,as well to senior hlgh school students
f*Uthf e M S. Knowlesl as deflned adult education as'"...an adult learnlng

' experlence should be a process of self—dlrected 1nqu1ry,_w1th the resources
"of the teacher,‘fellow students, and materlals avallable to the learner, )

but not 1mposed upon hlm The learner should be an actlve part1c1pant...

*‘Thus, the CENT progranlwas des1gned to requlre a,large neasure of group -
“"part1c1patlon, in addltlon» the usual 1nstructlonal materlal The B
’y/anstructlonal materlalJcons1st nostly of the technléal aspects of theh“7J o
17sub]ect presented in non—technlcal language. The séc1al, env1ronmental, |

e

lifand polltlcal aspects, however, .are of such a contrbvers1al nature that

RPN .
,.the part1c1pants need to 1nvestlgate them in the context of thelr own, :

nl . L. ,

v"local s1tuatlon.g_“ 5 '{ N : ,:m, oo e, T ‘J,Vn P

‘ e Thomas Carlyle, 1n hlS history of the*French Revolutlon, has/ wrlttenP
;éi)ln' rrsk and w1n w1thout rlsk all is already lost.? Even to do nothlng o
F ya\igvolves a rlsk Thé rule 1s to base one' S; actaons on the avallable lnfOIHBr.
_:T-tlon to: the end that/rlsk can be mlnlmlzed Fear develops when necessary
,"?ﬁ?'lnfornatlon as‘lacklng or w1thheld Thus knéwledqe d1ss1pates fear '/But

| _ knowledge“alone is’ not enough’ - an understandlng of the s1gn1f1c ce of the

'; 1nformatlon 1s also necessary, and:when that s1gn1f1cance 1s,understood One

can have confldence 1n one S adtlons. "Then the actlons one'takes are 1n

9

preparatlon for meetlng the cont1ngenc1es 1nc1dent to the r1sks 1nvolved gyv

E

L Preparation,,therefore, énces securlty by mlnlml 1ng the 1mpact of ‘the' .
’ necessary rls s.y;; “'f g ,,..‘ "?ka" :

beneflts. It cannot however, be dlscussed‘ln a- v;cuum. Its beneflts and
L rlsks must also be balanced aqalnst the beneflts f‘d rlsks of alternatlve

. o s
w, all poss'_le alternatlves but references!w1ll be supplled for those who w1sh
vsue the subjectqurther. Two sources, coal and solar that are most often L

e /

1Knowles,,M S.y The Modern Practlce ‘of Adult Educatlén, Assoc1atlon Press,
, . New York N. Y. (l970) T T A
o - T VR b f~‘ 'iii e ' Cohs T

","‘-') l
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suggested w1ll howeverJ be d1scussed at some length The problem, therefore,::

1s to evaluate the alternatlves in terms of cost oollutlonh and safety

The cost factor conslsts not: merely of the dollars and cents cost. peri

energy unlt,_lt also cons1sts ‘of the energy ‘cost’ per;energyzpnlt If ten

kllowatt—hours are u:gd to produce -one kilowatt-hour of useful energy, one .
{or. longerl before employlng such an alternatlve. _
. The: pollutlon problem 1s not one of ellmlnatlon,,but of mlnlmlzatlon.

K4
]

Only-life produces waste- rocks proddce no waste, they Just L1e there ‘Nature o

is emlnently competent to deal w1th waste, so long as there 1is not £oo much

: "of 1t in one place at ‘one tlme Waste only becomes pollutlon when Nature S.

" prcesses become overloaded To ellmlnate all waste,,lt would be necessary to

ellmlnate all life. “. e S .v 4‘ "L s

Safety, like pollutlon, 18 not a questlon of ellmlnatlng all acc1dents,

'but of;nunlmlzlng elther the number, the. severlty, or\the consequenceS'of them

The questlon, therefore, 1s, "G;Ven the demand what alternatlve will

best meet that demand at’ the lowest cost the least pollutlon,.and in the

safest manner°" The key word 1n that questlonvls “"demand. ", Agaln,}lt is

not 51mply a questlon of how much, it 1s questlon of "how much, where and
when " The geographlcal dlstrlbutlon of both the demand and the source, and
the dally and seasonal varlatlons ln demand determlne whach(alternatlves can
best meet the country s needs (See Qnergy Does Wbrk Ref 9, Tech Unlt) '

3 , v - Lt BT
z_;", |wJ- : ,l' "G' - .

1ntp flve:un;ts- A Technolqu Unit, a
Soc1olog1cal Unlt an Env1ronmental/Ecolog1cal Unlt, an; ECOHGmlC UDlt and a;

S ’

Political Unlt L %f, oL 5,5f-, e w;,\k'
) The Technology Unlt w1ll dlscuss those technlcal featureS°of nuclear’

‘,x

energy that relate £ cost, pollutlon; and safcty Spec1f1c subjects w1ll
include thelflss1on prOcess, radlatlon haZards and reactor safety Although
it is beyond ‘the scope of ; this program to engagemln such an exhaustlve study

of other energy alternatlves, suff1c1ent data and references w1ll be prov1ded 2

=

to enable an 1ndLV1dual or A, group of 1nd1v1duals>to make such a study for

e . P

themselves, in fact, they are éncouraged to do- so. r”t' T

. . . . . . 5 L . . )
- . e YL e R ’ N A ’ -0l

er as a sslble solutlon to."the R
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h hlstorlcal perspectlve.'

The next three unlts, the Soc1olog;cal the Ecolog1cal/Env1ronmental and krv

the Economlc unlts are concelved ds . working unlts. Participants in this s w*'
program are asked to evaluate such 1tems pecullar to thelr particular sltua—'
. tlon, as connmnlty attltudes, actlons necessary 1n the’ event of an 1nc1dent w

and communaty educatlon relatrng to nuclear power andJother alternatlves

. ClVll Defense agenciss should be consulted A this connectlon, 51n enemy f. 1“

-action and nuclear 1nc1dents have so ‘much in ccnmpwrthat precautlonary

xneasures w1ll be 1dent1cal in, hoth 1instances. Ecologlcal and econainic con— ] -

‘?31derat10ns Rave meanlng only in relatlon to_ similar: conslderatlons as they LA
'aapply to other. alternatlvesé//TLLS'program exprbres thlS aspect.of the problem '

The fifth the' POlltl al Unit, #€s partlally an 1nﬁormatlonal unit and . .
partlally ‘an actlon unrt The 1nformat10n part deals w1thﬁthe Federal regulatlons,

L

hearlngs, andadlsputes. The action paﬁt con51sts OFf 1ngu1r1 s by part1c1pants

2

dlrected to c;ty and state agencles relatlng to- srmllar cons erations. . ¢
A Declsion—Maklng Strategy Module is prov1ded for use: by part1c1pants o f“

-

51

in contlnulng community action. - - 7] R .o
’ It 1s:;pproprlateuat thlS poIht to consf§g§'Nuclear Energy in the
e , gﬂl' . .y o ot
« : Other Zzgple have ‘also been concerned w1th the energy 81tua€{on and' ?5
t

' have made S es that are reported in ‘the publlcatlon New Energy Technology L.

(l97l) (Textbooks, 2, Tech Unit) -‘These authors consider the energy hlstory of
the Unlted States from 1850 to the date of wrlting - l971 ‘Some of thelr

-

' «conclu51ons are very lnterestlng and are worth’ repeatlng

LA HlSt cally, the’ energy supply has con51sted ‘of wood ‘coal, crude oil,

natural gas, water power,and.huclear energy. The HDSt 51gn1f1cant conclu51on
. 1s that "§‘§t patterns of energy growth or replacement""are srmllar in nany

respects to those of today . - "The most’ strlklng feature of the plot"s (a graph
n@t reprodUced here) "1 the. relentless and almost constant upward mardﬁ'of

energy,consumptlon Wthh causes the 1ndustr1allst or englneer of 1971 to echo

_ the,words of his grea¢1grandfather,"'Never in- hlstory has energy consumptlon

matched ours.'ﬂ ”' e ‘times in this hundred and twenty year history, new
fuels have been 1ntroduced and 1ntegrated 1nto»the economy’, and the pattern
of growth of ‘each{ has been simlar. In 1851, coal contrlbuted 10% of the total
energy supply, 51xtee§‘years later, it contrlbuted 20%. ln-l9l8, oil con-

. tributed 10%, and nlne years later, 1t contrlbuted 20%. For gas, the 108

mark occurred n l93§ and the 206 nark occurred seventeen years later In

l97l nuclear power was just beglnnlng to come 1nt%’the plcture and the growth rate

o

’ 3 . :&\-/ ' “ ! . "" '\.91/ » : R

S
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‘in l97l was somewhat” comparable toythat of petroleum in 1900. S
© The per—caplta consumptlon of eneégy as reported by the authors 1s_

also of consrderable 1nterest +*From rssr to 1885 ‘the per capita rate was 2
. nearly constant and then' from 1885 to l920, 1t doubled Durlng ‘the . last . '
fifty years, however, 1t has increased by less tHan 70%. If one’ assumes | ‘ k\ir
' "anuaverage human calorlc 1ntake of 2500 kcal/day, ‘one finds that\the 197¢ '
:v'Der capita con umptlon was ‘80 trnes the human caﬁﬁfgc 1ntake That is ﬁ?-

egurvalent-to vrng "80 slaves working ror each cne or us to malntaln our
modern affluen way of; life." . ' '

[

y"" The matefrial for this program has been drawn rrom a broad spectrum
< Of sources They- are: . ‘ ' N . Y | _ ’
2T ‘ : l. -C&pyrlghted bboks of -an adVOCacy nature ‘v" ’ p_' Lo "d";
LT L Textbooks and monographs on special subjects : g.» ' .
I : 3. Reports of reséarch onh special subjects by publlc and e
' . : prlvate agencres R B

. 4. Governmental reports of reseafhh and records of Con-.
s gressional Héarlngs ' -

iﬁ‘ Journal artlcles ahd reports from such organlzatlons as the
.. American Gecphysical Union, Atamic Industrlal Forum, ’
Environmental Protection Agency, National Science Founda-
¢ ‘tion, and: the Natlonal Scrence Teachers Association.

As indicated in one‘of the fo;egorng paragraphs, CENT was-con- - ;
ceived as & worklng program Many of the dec1srons that need to be made
by the’ c1t12ens of a communlty relatlve to nuclear energy are peculiar to
that communlty Thus, the partlcrpants in these workshops are expected to
_‘dlscover what those pecullarltles are, gu1ded along the way by the: pr1nc1ples
'*and procédures - presented in the wérkshop
The Project Director, hlS staff, and the 1ndlv1duals serv1ng in the . .
varioustadvisory capacities, srncerely hope you, the part1c1pant find this ‘
. program to be 1nformat1ve and helpful, and a Valuable guide in. assrstlng you -
to reach 1ntelllgent decisions relatrve to nuclear energy in your connmnlty

. ./,, . . ) "'. | - . _‘ . . .
. : - hd . . Co R . .

Aygust, 1980, e | > )
: ' - _ o s EE Robert G. le e '
R ) . = . Profect Director
L ‘ . . .. CQatizen Education on Nuclear Technology
oy DR . i ] .
o -/
- " [} ) ’ B
s U LY
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o R T What “are fears but voices alry°- ' C :
' g : , Whispering. harm where hargvlsrnot:- SR
. - And deluding the un : : - g" PR
P » e Tlll the fatal bdlt is shot." o Ty 4?

: : P William Wordsworth A

. ‘ ‘ . °
T 'IN']gOljUCT_ION :

174
@

r

i Fear of the unknown has bothered manklnd srnce the dawn of creation.

The questions concerning nuclear energy are no dlfferent To many of us;

‘ nuclear technology is an unknown and thus, many of us. harbor gears and

- reservations about its. use. uOften times, these fears are played upon by _.*J
| the antl—nuclear lobby in an effort to advance thelr cause - The purpose
 of thlS course is to remove nuclear technology from the category of the |

umknown and hopefully in the process, allevrate our fears through the
nedlum of knowledge - knowledge and understandlng acqulred by a study of
the. facts eXagﬁhed in thE total ‘context of modern 5001ety v
. The technologlcal intricacies w1ll ‘be studled and in addltlon, the
'k3001olog1cal env1ronmental/ecologlcal, economlc, and polltlcal beneflts 8
 and hazards will be con31dered ‘Neither nuclear energy nor any other matterig.,

; can. be 1ntelllgently examlned ‘an a vacuum For that reason, ‘this study

. w1ll look at the total energy plcture, lncludlng fOSSll fuels, solar energy,‘
and to a. lecser extent other .energy alternatlves, as well as nuclear
energy. It 1s - intended to proV1de an understandlng of how nuclear power .

. plants work what some of the ervrronmental effects are of nuclear and
-fossil fuels, some -of the socrologlcal and economlc con31deratlons, an
explanatlon of the procedures a utlllty company must do through before -
they will’ be allowed to. deIE\Ehd operate a nuclear plant and, flnally,
the opportunltles you have to lnfluence the dec131on makers ' .4-.7 f

There are volumes ot material avallable in all these areas. - We
hope you will want to- sample at least same of them. ThlS ‘course is not .
" intended to answer alI your questlons, but rather to give you an idea of }
what questlons you should be consrdecrng and who should be answerlng them
‘ A glossary 15 lncluded with your text. It should ‘be studled to the
- same degree as the. other parts of- the text "It has been placed flrst,
rather than at. the end, 51nce the termlnology mustrbe learned before the
materlal in the text canwbe understood B o o T '
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- It 1s essential that all avallable lnformatloh on all alternatlve

,_sources be consldered, 1f ari- 1ntelllgent deClSlon 1s to be made._ Jt lS

the lntent\ of thls program, therefore, to present the case for nuclea_r,1
' -energy An-the total context - To do so, s:.gnlflcant aspects of nuclea_r’

'power generat:Lon, and of, coal oil, and natmal gas productlon and use

“are’ exanuned The best solutlon m any partlcular case will take account

‘of . all these aspects, and each conmunlty mu5t decxde for};tself what
. ltS solut:.orﬁw:.ll be ! ' . W N 5 o ‘
."'No optlon for prov1d1ng addltlonal enetgy supplles foz the ,

'next twenty years and beyond 1s w1thout drawbacks. 0.1 and. gas, nucfear

o power, coal and even va.rlous solar pOSSl.bll.Lt.'LeS -all entall advelse

soc1al ~econamic, and «envlronmental effects .of d fféraing types and
magnltudes, on dJ.fferent tlme scales, and atfectlng dlfferent reglons
in different ways, Even the 'best' cho:.ce “fok the natlon will have . '.
drawbacks for somepeople, in some places;_" lE‘?nergy The Next '.[wenty

o

'Yea_rs, HansH %Jandsberg Ref. 8 Tech U‘mtu.‘., RO
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"All na“ture, then, as . self sustalned con51sts o
Of twaln thlngs of bodJ.es and of v01d," . {

. :\:‘ U e . . » ‘ » ) C i ' ‘o

v v ' Bodles, agaJ.n,

i S ,Are partly przmal germs: ot things, and partly Lo

B . Unions ‘'deriving from the primal germs.. S

. . - .. % 7.And those:which are the: pn.mal germs of thlngs T
e s No power can quench;,.. “ s W

o Tltus Lucretlus Carus, ‘De’ Rerum Natura
T S - \95-55B C.) ~

"~
o -

"INI‘ROD'UCTE'CN

-

_ ! Sca,ence and mathematms are, in the nu_nds. of a majorlty of peoole, -
-relegated to the realm of mystery > and ther?fore not . conprehens:.ble Perhaps_
the younger generatlon has a better- understandmg because of seience or
sc1enoe—f1ctlon- broadcasts on television. " btlll much mlsa.nfon'natlon has )
been W1dely c.chulated Thus, a ..L&Ck of - understandJ.ng nourlshed fears, :
usually groundless, and has brought abaut errotlonal reactlons based on what
_'"mJ.ght be" instead of what 1s! '_ ‘
A Greek phJ.losopher named Democrltus thought a pomt would ’be reached
- :at whlch further d1v1s10ns of matter would- be lmpossz.ble He called thls
S partlcle “that could not be lelded an "atoma " Fram atoma, we ‘got our- word

.v“"atom' "_ somethlng that cannot ‘be feut A ' ‘. R

People dld not aCCept the idea oy many oenturles, but about 300 years :
ago,. sc1ent1sts agaJ_n began to ‘think about atoms ' Gallleo Galllel (1564~'1642)

- of: Italy, and’ Isaac Newton (1642- =1724) of England wrote about their ‘conclu- -

: *-lsrons that ‘all matf':er was made’ up of lnd.wrsJ_ble partlcles or atams. There
were many others, also ~ Howevez , people dld not accept these 1deas durJ_ng o
the lifetimes of early sclent.lf_lc plcneers S ' ‘ |

The fJ_rst man credlted wrth expreSslng derlnlte 1deas about atoms was
an. Engllsh school teachel and- cnemlst, John Dalton He- not only had 1deas, .
but ‘he dld experlments to prove h.LS concluslons had merit. ‘

e Anc1ents distinguished ‘four "elements, namely fire, water, earth, and
Calr. All substances presL,maoly weze made up or. some nuxture of these ' Thls.'
vtheory was accepted by AI.LStOt.Le lt was taught for nearly ZGO.Q years to the
1 William Ellery Leonard's metrical _t_ranslatlon.

S



- tlme'of Galrleo.\ That}yrew_was‘rathergjague and}int rgretation;%arled’among lA

adherents R o : A ‘ R

Robert Boyle gave the word felement"'an t rpretatlon close to the ‘ o

A meanlng 1t has today. He s ?Qid substances whlch cannot be separated 1nto S F
i other substancesaare cons1dered elements " - For example, heatrng sugar w1ll
yleld a black substance (carbon) and water Water may be broken down into

hydrogen and oxygen gases bv.paSslng an electrlc current throuqh 1t Ordlnary v

\\'Eble salt w1ll ke separated\by anaelectrrc current into sodlum and chlorlne, '

[
nelther of which can. be further drvrded oy chemlcal means -Thus, it appears

hydrogen, carbon, oxvgen, sodyuf, and chlorrne are elements e '-:; - »
The metals generally are elements, such as Iron, copper, s1lver, lead, B ) _}}:
and gold A total: of 90 elements ‘have been dlscovered in nature about lS nore

have been made by man . ‘-"-‘? ; ' 'lyf*>t ‘ S o Af.

~

THE_LANGUAGE OF TECHNOLOGY L

A "A‘-_'A ' "Snow us the stralght path " . o
o o ' ' -The Koran' . : : oo

§ Anytlme you start toMearn about somethlng new, you have to learn the

4

language That is true if you are learnlng to. cook or drlve a car, or learnlng _
about nqclear technology - : ' A
For the most part,%%he unfamlllar teérms are defrﬁed in the glossary,
” and you can read about thém in the context of the materral that follows The .
. first tlme a term 1s used, ‘a star (*) is placed after that word, and ‘a deflnl—“
" tion can- be found in the glossary ’

Glossarv of Terms

.- > a 9@; A pargécle of matter whose nucleus 1s - rnd1v1slble by chemlcal means

barrel - A unit of volume - 1 0il barrel = 42 U. S. gallons = 158.983 llters S
: K ' 1l U.S. llguld barrel 31.5 U.S. gallons -1 wine barrel

' breeder'reactor - A nuclear reactor SO des1gned that it produces more fuel than
_ 1t uses. , ‘ . . (=) ‘

:_Q Br1t1sh Thernal Unit (BTU).- An englneerlng unit of heat and enerqv, the, quantlty
: of heat neCessary to raise the temperature of one pound of :
water one degree fahrenhe1t.

chain réaction - A frssron chain reaction is a nuclear reactlon in which a -
fissionable nucleus absorbs a-neutron and splits in two, re-
. leasing additicnal neutrons These in-turn can be absorbed by

- other frssronable nucler, releaslng still moge neutrons and
maintaining the reaction. :

coal gas1f1catlon - The convers1on of coal to a gas sultable for use as a fuel.

coal llqulflcatlon - The converslon of coal into lquld hydrocarbons and related
. campounds,’ usually by the addrtron of hydrogen
L . . - .
e 2 i}j
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. . | |
conduCtron of heat) — The transmlssron of energy dlrectly from molecule to

. molecule.-. T : . .
[V . - . - . 1., .

convectlon (of heat) - The transfer of energy of movrng masses of matter,
such ‘as the circulation of heated liquid- or gas.

coolant —'A substancetcrrculated through a nuclear reactor to remove or. ' ' .

. transfer heat.. Common coolants are light water, heavy
‘water, air, helium, carbon drox1de, lquld sbdlUm ‘and
sodrum—potaSslum alloy. . RE

coollng towers - ngrces for the coollng of water used in power plants. There
. are tWo. types: wet towers, 1n which the warm water is allowed -
"~ to run over a wooden lattice in a*tgwer arfd is cooled by
evaporatlon,,and dry towers, in which the water runs. through

N T a system bf -tupes cooled by fans and 1s not n contact with
. tl‘]e a_Lr. .. J?' Lo . ) IA L .
core - The central porticam of a nuclear reactor. contalnrng the fuel elemen%s SR
: and usually the modetator. . ' ‘

»"Acosmrc rays -~ High energy partrcres ot atomlc dlmens1ons from outer space.

crltlcal mass — The smallest mass of frssronable materral that wlllBsupoort
a. selr-sustarnlnq Chaln reactron under stated condltlons.~A

daughter - A nuclrde formed by the’ radloactlye decay of another nucllde, whlchﬂ?”
. - 1in this context,. 1s called the parent. o : ‘

4

' efficrency" The efrrcrency of an energy conversion is the ratlo of the useful
work or energy output to the total work-or energy: input.

electron - An elementary particle with a negative charge ‘that orbits the
nucleus of an atom.. It is only a tiny fraction of the mass of
an atom.  Chemical reactrons ‘consist of .the transfer and re-
arrangement of electrons between atoms

' electron—volt - A unit of. energy- used . to. descrrbe ne@trons X—rays ganma rays,
' : - and alpha and o€ta’ Dartlcles. Because of their diverse nature,
an energy unit provides a means for applying a common’ characterl-
, _'zatron. Electron—volt 15 abbreviated eV, and MeV is a mllllon
e . _.electron-volts. v :

. energy -fEnergy 1s the akality to do work lt can be converted from one_fornlto
 another, but can never be created, or destroyed. Common units
are calorres, joules, BTUs and kllowatt-hours. ' : .

enrlchnent - A process whereov the nercentat - of a given 1sotope present in a
: ‘mater:al 1s artrflcrally increased, so that 1t is'higher than
‘the percentage of that 1sotope naturally found in_the materlal.

flss10n - The splitting of heavy nucler into two parts {(which are lighter nuclel)
- . -with the release of large amounts of energy and one or/ore
' . - . neutrons. e _ /§§;;

fossrl fuels - Fuels such as coal, crude 01l, or natural gas, formed from the™
. foss1l remains ot organic materlals.

fusion - The'formatlon of a heavier nygleus by comblnlng two llghter ones. As'a
source of erergy, hydrogen (or helium-3) nuclei’ combine to fonn
bolon-d, resultlng 1n a release of energy.

' greenhouse effect - The warming etfect of carbon droxrde (CO,) and water vapor o
in the atmosphere. These molecules do not absorb sunlight but

do absorb and retain the infrared  (heat) radlatlon from the Earth.

y R
’ B A



~

half-life - ‘The time in which half the atdms- of a partlcular radloactlve L
: substance disintegrate to another nuclear form Measured - *
half-lives vary frcnlnulllonths of a. second "to ‘billions of years.u

K heavy nuclei —»In general, the nuclei of atoms or elements he 1er than radlum

, hydrocarbons - Compounds combosed of Carbonaand hvdrogen atoms in
proportlons. < X . S U :

. . AN
in s1tu - In the natural or orlglﬂal pos1tlon oc..location.. In 51tu convers1on
_ .. of ‘oyi~shale, for instance, is an experlmental\technlque in whlch )
% - a'region of shale is drilled, tractured, and -set on fire. The
g - volatile gases Hurn off, the 011 vaporizes, then condenses.an® 4
. . collects at the bot;om of .the region, from which 1t can be re- B
. . - covered by a wells ‘There has also been some experlmentatlon
’ . with in situ converSlon of coal and oil.

1on12atlon - Removal of some or ail. electrons from an atom or molecule, leav1ng
: the atom or molecule with a positive charge, or the addition of
one or more eleCtron“»cresultlng in a negative charge.

1ons - Atams or molecules with electric charges Caused'by the addltlon or re—
- - moval of electruns , -

. . ‘o

lSO Eev— Any of two or more spec1es ot atoms. haV1ng the-same number of protoﬁs -
- e \\\in the-nucleus (the same atomic*number) but with differing o
; R S numbers of neutrons. All isotopes of an: &lement have 1dentical’:

L * . chemical properties, but different nuclear masses.- Since nuclear
) ' © stability is governéd by. the relatlve numbers ‘of protons and
. neutrons present, ‘one Of MOrg isotgpes of the same élement may
be. unstable (radloactlve;. In the usual notation, 1sotopes
: o : of the same element dre identified by the totaliy of neutrons
C -, and protons in the‘huCleus for exalee uraniy , ;
: - L uramium-238. 4 . : '

,

kiloWatt (kW) - A unit of. power uaually used ‘for electrlc power, equal t l OOO
- ' " watts. ’

kiloWatt-hour. (kW-hr) - A unit of work or enerdy., Equlvalent to the expendlture .
: of one klloWatt for one hour. \;’/? '

Y mass - The quantlty of material 1S known as mass and 1s. the same everywhere,
- whether on Earth or on the moon.

nulllon electron volts - See electrocn-volt.

‘ moderatlng atoms (moderators) - Moderators are elements that have a very -small -
v absorption” probability, but interact with neutrons by absorblng
some of their energy, but not the neutron. The neutron is thus '
. "slowed down" and the lost energy appears as’ heat“ Examples of -
.moderators are deuterium (heavy hydrogen), carbon, beryllium.=

'molecule - Atans comblned to form the smallest natural unit of a substance. ' For -
. _ example, the water molecule 1is composed of two atoms of . - *
' hydrogen and one atom of oxygen. . - : . '

jneutron - An elementary partltle whlch 1s present . in all atamic nuclel except for

- : -the most common 1sotope of hydrogen.  its mass 1s approximately
that of a protcn, but it has no electric charge. Neutrons are
released in flSalun and fusron reactions. S0
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‘nucleus The extremely dense p031t1vely—charged core df an atom It ‘contains
RN S almost, the entire mass of ‘an atcnu&bjt flllS only a tlny

SRS :\ @ig - fraction of the atomlc volume.

nucllde - The nucleus 1n general of -any atom.of an‘element "Gf.', ']~‘

| nuclearxreactor - A;dev1ce ln,yhlch a’fission chain reactlon can be 1n1t1ated,
: /

PR \‘ﬂmalntalned and controlled

e o - i “ S

01l shale —‘A sedlmentarv Wock contalnlng a solid: organlc materlal called kerogen.
L '-' When oil shale is heated to hlgh temberatures, the 01l is
e drlven out and can.be recovered o \‘ : o .

9 i

partlculates - The small soot and ash Dartlcles'produced by COmbustlon. L }»‘;.
[T

photovoltalc‘process 7>The ‘process by. which radiant energy is converted N |
A s e, darectly anto electrical energy Solar radlatldn striking .
- fd‘.ff; certaln materials is absorbed caus1ng separatlon of electrons
' ‘;”. T from atoms The migration of these electrons in one direction
LT e jhfa " and of the o031t1vely charded electron vacancies - (“holes") in’
C P #j,i " the other can oroduce a small ootentlal dlffeﬁence or voltage)
”ﬁ . ”qjﬁ }i;, typlcally about 0.5 volts. v W, s

h

EQE The rate at ‘which .work lS done or': energy expended It 151nEasured 1n

..t i \inits of energy per unit .of 'time’ such as calories per second, et

-

]. f ,'~ ]w“~ S in units such as watts .and hofseoower LR g

. PN -
7, 7

v f‘. 3 ..-0;' ‘positive electric charge. ,/Its mass - is. approx;mately 1,840
R P 911”;. tlmes that of an electron.” The nucleus of: a.hydrogen atom

S . 2
2
g

radloact1Ve decay - The spontaneous transformatlon of an atomlc nucleﬁs durlng
: whlch 1t changes from one nuclear spec1es to another with the -

..
L

,proten.— Anoelementary part1CLe present ihall, atomlc nuclel. It has Yoo

»\l - »'fi»;’ emission of partlcles and/or energy:- Also called "radloactlve ;m“"
' ”;{f dlsmtegrat,lén"", B . . e .
solar cell —~Converts ‘the electromagnetlc radlatlon emrtted by the sun to . ,~"’

.« electfitaty The Earth recelves about 4, 200 trllllon klloWatt—

hours per day. ‘@ et ﬁ.

an

e e

Watt'(W) - A unlt of power usuallv used 1nmelectrrc mgasurements which gives "
. : _the rate at which work is donexor energy expended.

welg t’ ng welght of a macerlal object is a meaéure of the force of grav1ty
on the mass of -that object Mass is the same everywhere, ’
_weight is. not the same ev here.

work - Work is done when' energy lS used to overcame re31stance in the fornlof .
~ . "~ - either mechanical, electrlcal,,or\chemlcal opposition. Energy
1s -converted to some other: form or stored 1n the process, but

-f - not’ destroved L
- "_> . . . o '3 . . .
' Table I- lis a llSt of varlous energy sources with the unlts connonly used to

measure them. - ° -~ . i — “ ;
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' and is thermally flssmnable - . . - ' ,' S f 7 'is*‘

\ e oy

Materlals are’ ﬁhe stuff of; Ilfe. 'I‘h?ev may be solz.d, llqufd gaseeus,
" )
hard or soft lJ.ght Or heavv. They are ‘mde up of atoms*, molecules* neutrons*

protOns* andelectrons* oy 4;u‘i_' "'.- "‘-\ R *

st

An element .LS materlal composed. of J.dentlcal atoms

A molecule 1s composed of two or more atoms of the same or dlfferent
fal

N8 ERA
A compound lS a materlal oomoosed of J.dentlcal malecules@? S

13

Atoms cons:.st of & nucleus* and one or more electrons. The mgcleus lS S

elements come.ned ;Ln-def1;nlte Droportlons R ; o N

made up Qf protons and, neutrons. No one ] ows what an xlooks l a. ThlS
g
drawmg 1s al dlagramatlc ;representatlon of the structure of a he atom (He)
~ e The electrons ha\fé a negat_we charge,
’ B . . . & " d L t C )
- '& *ﬁﬁe protons a DOSlthE chgge, and the
e > ) .’ I neutrons no charge. U R AP S .

Al~l atoms have thlS same bas:.c structure, _df_tfferlng only ini nhmbers of
protons, neutrons, and electrons, The number of electrons‘“’ln a neutiral atom is,
. the same as the number of protons in its nucleus,_thrs number is called the atalﬁc
number and 1dentJ.f1es the elenent. ~ A single proton is thé nucleus of hydrogen. .

- Two protons and two neutrons is a nucleus of helJ.um, three of each lS a nucleus

“of. llthlum eJ.ght of each is a nucleus of oxygén and 79 protons and LlS neutrons oL

. s '4;‘ .
. . . S

is a nucleus of gold.
: .anlum) varlatlons may exist.

N Wltlun an element however, (for exarrple,
These varJ.atJ.ons are called 1sotopes* @Natural
Uran1um—235r and Uranlum—238. Nelther Urannm—23_ nor Uran1um——238 lS ffssn.onable* <

- by thermal neutrons Cnly 7/10'5 of A% (.0 72%) of natural uranlum is’ Uran1um—235

-

rf‘here are no. stable lsotopes oﬁ any element hegvler than leaad,. Some

e

.

"ts on the earth and some

comparlson w1th the himan lJ.fe—span, they may ' regarded as stable. F ' o -

. Tabie I—2 1s a llSt of the .most abundant

v of\ the compomdsxm Wh_LCh they ‘are found e /é ‘ ‘ T Lo '; i @
) N .‘*" \ . . ./ ) . n D' &s a '.- ) - . . - : d - A-'. . '.,
. . - =~ o Loy, 1. ' T . ) N
_‘..'! ) . ) . . . T . .
a X ) . . . M i
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anJ.um has’ 3 1sotopes, Uranlum-234' Ce
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' A | ELECTROMAGNETIC RADIATION * . = ° o

S 5

q B

B ' “i‘,*:ﬂ;ilation‘ianatUre's‘method of moving energy* from'p&ace to place. ¢ L2
.Electromagnetlc radiation is a s1xty—four dollar ‘word fo a phenanenon that
" people have been %amlllar w1th all their llves. Heat, llght, ‘and radioc waves
. ‘are-all examples._ Less famlllar formis that you'll need to- know about 1n
cee, y-oconnectlon with nuclear power are X—rays and gamma rays. . S
'f“<;¢:// «j"‘ . Bven though all these forms of: radlatlon ‘are phys1calLy sunllar, they ]
\ have dlfferent'names because of the way bY’Wthh they are Droduced The means'
Jﬁ%br produc1ng heat are" famlliar to everyone.- nght mgy be produced by a candle,
an 0il lamp, anelectric llght bulb a fluorescent light t ,,or by the sun
-Radlo and TV transmltters are less famlllar to the general Dubllc,ubut at least
-they are no stery wMost peoole héwe had some contact, whether dlfect or
: 1nd1rect, w1th X—rays and are therefore aware,, that the machine that makes
L . X-rays 1s not at all like the candle that makes llght Both llght and X—rays,
however, are electromagnetlc;;adlat1on (EMR).* S 4 v o
o Gamma.rays aré\usuallv assoc1ated‘w1th aloha and beta rays/Bécause they ]
S are all produced as"a reSult of thé?break~up of an atom (called radiocactive decav*
4.“V*uﬁor dlslntegratlon) Actually \alphas and betas aré not electromagnetlc radla—r

. S _tions, but partlcles. Anvone interested 'in the story of the discovery of

- ’these Dropertles can flnd a verv readable account in A51mov s Wbrlds Wfthun . ﬁ}
W Worldg'(Reference I in- the Technoquv hlbllography) ‘ _ "
Te o What are’ the effects of low—level&*adlatlon on the human or; 'ism'and:-

s the env1ronment°. The effects have been impossible o measure because the
b . ) earth and everythlng on it have been bathed in low—level radiation since the

beglnnlnq of time: There 1s no way of performlnq an experlment in the absence )

.
-

BHF these radlatlons.

Naturally occurrlng radlatlon sources 1nclude the heavy elements .
uranium andﬁthorlum and their decay Droducts (oarents and daughters*) heat
light, radlo waves ultra—vrolet and cosmlc rays*, and thé,potass1um contained -

in the human body o I N

~

It is obvious that low—level radlatlon has always been with us. In ‘
vﬁaqt, without 1t, Same- 11fe processes would be. 1mboss1ble (for exarple,

photosynthes1s - the formation of carbohydrates 1n olants exposed*to llght)
Ionlzatlon* o 3

An atom has been descrlbed as having a massive nucleus with one or more -
orbltlnq electrons When one or more of these electrons is removed, the atom
“is ! 1on12ed " Hhen an atom that is a vart of a molecule 1s 1on12ed the

molecule lS usually destroyed The atom that has lost one.or nore electrons




is said to be "excit " and w1ll actlvelv seek to regaln the lost electrons. - '

L ) n!v\ (‘ . c
FE

__Thls process can be very hafmful 1n human tissues.

-

@ .

Non—IoanLng Radlatlon I A £

. Simply because a form of radlatlon is non—1onlzlng does not mean K ,
..that it 1s entlrel\ harndess. “All radlatlon, even though it 1s esSent1al~
- d»to llfe, can be harmful or even - lethal when applred in massive’ doses or at hlgh
1ntens1ty Many'exgmples readily come-to mind. - Sunllght though useful '
. for sight, can cause blindness 1f Sne looks directly at the sun. Ultra—v1olet
o llght reacts w1th bodlly tlssues to’ produce the essentlal D xltamln, but
‘under high 1ntens1ty and prolonged exposure, may. cause skin cancer.> Radlo
:waves carry our conversatlons, transmlt mov1es, gulde SthS and alrplanes in.
darkness and fog, fight disease with art1f1c1al fevers, and cook our food 'Yet
._lhlgh 1ntens1t1es and prolonqed exposure can cause death. N o

' Table I-3 llStS the various uses and hazards of EMR. . t ) L

\

- I TableI3 . .
b Electrdﬁagnetlc Radiation Hazards _ - ’

S s _ . level . S T o
L Type T L Low-andbkxkrateﬁ "~ High to Very High B
7-'¢”Non—ionizing. . o I '-_ C ' _'f'd L o .{.'

U Very long;uave . ... hssotiatéd long wave “. * * No.excessively
(power frequencies) . : -source-no apparent effects. hlgh sources
- Radié Wayés ‘ ':"\_ ' Essentlalwto communlca— N Art1f1c1al fever,
L T . . ST tions. - can,cause overhea¢—
CE e e R _ s L ‘& death.
N / Infrared'-(heat) o Photosvnthes1s.,-_ _— Severe burns—death
voa LT ) . Essential to life.
Visible light o ggy' ‘Essential to s;ght. - S Dlrect sunlight o
S o e N ' ©  causes bllndness,
) . s laser light can cause
.. _J] .. severe burns and blind--
L ' Y _ ness. '
Tonizing K _ ) . e . & | |
_Ultra4vloleth S . Fiuorescent lights. = - - May cause-sunburn
. o : " Produces Vitamin D -+ and skin cancer. "
: . ’ 1n humans, ' ’ T
¥ -
- ravs N _ - ' , Spection. . tissue damage or
. death.
‘ i :
o~
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" of an 1sotope to one-half the’ orlgln amount. If the d1§§htegratlon rate is

A

Partlcle Radlatlon o o .

a

- @

. Half Life*

_ Partlcle radlatlon appears as a result of radiocactive d1s1ntegratlon .
(break—up%’and nuclear flss10n Alpha partlcles have a.very. short rang
they can»even be stopped by a piece of paper they are very 1ntense, however,
: f '

=

and can be very damaglng 1f 1ngested
: Beta partlcles are electrons. Thev ‘have a very small mass and are more

s

penetratlng than alpha partlcles (but less than génna rays) T ".1‘,

A
LI

U

Another concept Wthh descrlbes the nature of radlatlon is.the half-llfe,

. or rate of dls1ntegratlon. "That 1s the time’ requlred to reduce the quantlty

very hlgh the substance 1s»sa1d to have a short half—llfe ' Obv1ously, then,
‘a- long half—llﬁe indicates a low rate of d1s1ntegratlon The dose rate .is

hlgher, and the hazard greater, in cases’ of exposure to ‘a short half—llfe

_1sotopq than an equivalent ti of exposure to a/long half-llfe 1sotope

J-
: FISSION

* The converslon rate of -an element, descrlbed as 1ts half—llfe, 1s an.
indication of “that eiement S 1nstab1l1ty Another fornlof converslon‘tan be

dlnduced by the addltlon of a neutron. The flSalon process of uran1um-235
o is.induced by allcw1ng a SlJle oV .0g neutron to approach the atom. The :
. neutron 1s absorbed and’ creates such havoc that ‘the nucleus spllts 1n two "
. . hearly equal fragments, plus an average of 2.5 extra neutrons . The éxtra

neutrons. can be’ absorbed_by other U-235 nuclei, and'on and omy in a chaln

reactlon *. ThJ.C process 15 not as sample as it sounds._ In nuclear reactor*,

. ‘some qeutrons escape belore encounterlng a nucleus. Some colllde with a-

material - called a mopderatoc™ \because 1t slows. down neutrons) Some are ab—
sorbed by other. materlals which are 5pec1ally added to “the reactor core.*
All of these condltlons enable the reactlon to be controlled at-a spec1f1c

operatlng power* level.,4Very sens1t1ve'1nstruments monitor and malntaln the ° N

des1red level. ST N .

The energy released by the flsslon process is not 1dent1cal in every
case, But averages 1200 Mev (200 mllllon electron volts*) per fission. The
average 2.5 neutrons per t1ss1on dre not all emltted at one' time. ThlS delay

makes. 1t possrble to control the power level of the reactor

A
Lo
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'Flss1on Products ' '

beveral hundred dlfferent spec1es of 1sotopes are produced by f1ss1on
,1n a nuclear reactor These 1sotopes are generally not useful and must o
rece1ve proper dlSpOS&l > (They could also be regarded - as by—products Wthh ‘
could be a supplementary source of energy.) F1ss10n products have half—
"‘llves ‘which range fram very short to very long, and some’ are even stable

V-_‘

. The radioactive 1sotopes are beta and/or gamma emltters " The most danger—
‘@ous are those hav1ng short half—llves -and large gamma energles H1gh energy
betas and gammas are dangerous because of the t1ssue destruttlon that. ioni-

’ zatlon causes Short half;llves are dahgerous because they produce more of
' 3_fthe damaglng radiations ln a short tlHE . ' - .
_ . Strontlum—90 and its short half—llfe daughter* are dangerous because
they resmagﬁgn calc1um displacement, and they concentrate in, bone. Todine~137 ~
. is also dangerous because it concentrates in. the thyrold . ' ‘

The f1ss1on fragments’ whlch re after fission reactlons are like

',l‘the ashes of coal or wood fires. Uust as ashes, left to accumulate, can
.eventually choke ou fire, so f1ss1on products can stop the freaction’ pro—
t\é\\co umed. _ ‘fuel assemblies or rods must be re-
Mf?imoved from the core and replaced’w1th fresh ones. ' -Although used fuel rods

"from commerc1al reactors Stlll contaln large amounts of unused uranlum

cess before the fuel is

:that could be reprocessed into new fuel elements, they are not now being re—

fprocessed (See Env1ronmental Unlt - Waste Dlsposal ) _ S |
_ At f1rst, f1ss1on products were ‘stored in underground tanks whlch had
to be cooled to carry off gamma heat ' Then a calcining process was developed

_._whlch changed liquids to SOlldS maklng storage much s1mpler Recently, a

lf process of casting the solids into boros1llcate glass (similar to Pyrex) has

. fbeen developed, Wthh makes . them v1rtually 1nde‘truct1ble It has been . .

.:calculated that one cubic meter (little more than a cubic yard) of this .

o calc1ned materlal produces enough gamma heat to supply heatlng for the
.equ1valent of four average homes for one hundred years. - Practical considera-
<t10hS, however, make the use of f1SS1on products for heatlng more su1table .

to large-scale appllcatlons, such as central systems in large bulldlngs In
~such appllcatlons, the probiem of publlc acceptance would seem to be the main
barrier. ' _ - ” '
'Reactor Safety S S o -

The poss1b111ty of contamlnatlon in deallng w1th nuclear materlals has

resulted in the . development of procedures -and technlques which have a remarkable
safety record A new profession, thatf the Health Phys1clst, has. emerged -
_-a conbination of phys1c1st, data.clerk, techn1c1an, and watch dog It is the

TN
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Health Phy31c1st who is charged w1th the over31ght of alL operatlons
in the handllng of nuclear materlals at a. power plant _._'f'
In addltlon to" the dlsposal of f1s31on products and the possrw_l
- bility of contamlnatlon 1n deallng with nuclear materlals, ‘the general
- _'n publlc 'is apprehensive of the consequences of a nuclear acc1dent, as
'{ S wat Three Mile Island. The fallure to dlStlngUlSh between an event
- whlch is possrble and one that 1s. probable 1s one- source of confusron

It is posslble that you w1ll be ‘struck by a meteor, but highly im-

2{;° o probable. It 1s p0551ble that a serlous acc1dent resulting in many _f',"e
' 'déaths could occur at a nuclear power plant (or a fossil- fueled* plant-*
or a hydroelectrlc fac1llty but hlghly robable : " : A

v PR Another pornt of confusron - nuclear power plants cannot explode
llke a bemb The. phy-lcal arrangement of the fuel elenents makes such :
‘an event 1mpossrble Another kind of explosron whlch could happen in a
nuclear, coal 01l, or gas power plant is & steam explosron It was '_
feared, but did not happen, at Three Mile Island There has been one .

steam exploslon ln nuclear reactor history, in whlch three men were
kllled, in Idaho "No radloactlve materlal escaped to the atmosphere, and

trafflc was allowed to’ cont lnue along a ma]or hlghway less«than one

'quarter of amle away ' . .
. The government and'industry hayei th been 1nvolved in reactor"safety
‘research since the ear liest days of the ver developnent _program. - Test'
' programs have dealt w1th simulated aCCldents, core destructlon, rellablllty
of automatlc safety systems, etc. The Toss of Flurd Test (LOFT) and the
s Power Burst Facility (PBF\ pro;ects are examples. ) C
‘g : One result of the Three Mile. Island lnc1dent is a reassessment of
operating procedures and expanded research programs’ in reactor safety. A 'mF'
‘ - n 51gn1f1cant finding of the President's Comm1831on on the accrdent at Three -
| ;. Mile Island (the Kemeny report) was that the 1nc1dent would have been minor,
...had the operators and management reacted. properly . Further, the
"Comm1551on reported ..,whereyer we looked, we found problems w1th the
human beings who operate the- plant, w1th ‘the management that runs the key
organlzatron, and with the agency that rs charged with assuring the.safety
of’nuclear.p0wer plants'“"in fact, the:report continues, "This Commission
;belleves that it 1s an absorbing concern with safety that w1ll brlng about
safety...the himan belngs who manage and operatetghe plants constltute an '}
A lmportant safety system "o : S '
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ThlS klnd of emphasrs on respon51blllty 1s somethlng the workshop

part1c1pant can. and should ccﬁnmnlcate to local nuclear power plant Offl—.

'Island He emphasrzed that/total respons1blllty must res1de rnj

c1als. The' lmportance of respons1blllty was also stressed by,Admlral ‘
Rlckover in testlmony before a Congressronal bubCOmmlttee after Three Mlle"

individual. The Navy nuclear program has been in operatlon for'26 years,, :

»w1thout an acc1dent lnvolvrng nuclear reactors or, the. release of any

radloactlvlty whrch had a srgnlrlcant env1ronmental impact. .
hé‘a result of ﬂhree Mlle ltland lndustry and government have#be— u“':

gun to take steps for the preventron of recurrences Prlvate c1tlzens ‘can

" be part1c1pants in this’ process beCause a citizen has ‘the rlght to lns1st,“‘

of radloactlve 1sotopes is: covered in. the‘Envrronmental Unlt._ 'For addl-

~tha¥ safety reccnnendatwons be followed Communlty off1c1als should e

‘contlnually rnformed of condrtlons at the plant ' (The effect of releases}5

N

[' tlonal technlcal dlscuss1on on reactor safety, the reader 1S referred torl’

: Appendlces -1 and T-2. Appendlx T—l dlscusses Certain factors pertlnent
to Heactor- des1gn Appendrx -2 glves addltlonal detalls of the Idaho

' nuclear 1nc1dent refcrred to above b : -

‘\f‘
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o NUCLEAR@REACTOR TYPES

Although many de51gns have been proposed, thlS sectlon w1ll deal 5L_;

N

. only w1th general types. ngh energy neutrons have a low probablllty of o

belng absorbed by the other atqms or’ molecules in, the reactor. By intro—"
duc1ng moderatlng atoms, the speed of these neutrons 1$ reduced and the

N

probablllty of absorptlon is greatly 1ncreased Three general reactor'
types have been developed The type selected depends on the energy at
whlch ‘most Of ‘the flssmn@ occur,

Thermal Reactors. ﬁeutrons st be slowed down ln these reactors;

'See Flgs. I-1 and I- -2) Graphlte, heavy water,(enrlched Wlth deuterlu?)
. or llght water (dlstllled water) can be used. Most modern reactors use

-

llght water.” = . S : ST » v
ffalho ‘kinds of thermal'reactors are borllng water (BWR) ‘and pressurlzed ;

~water (PWR)- types. In borlrng water reactors, the water 1s° both moderator

and coolant *_ The watér: 1s allowed to b01l n to steam that goes to the

turblnes to produce electr1c1ty Pressurlzed water reacters do not allow

'f the. water to boil. Through the use -of heat exchangers {p1ping ‘systems) , 2

secondary flUld 1s. converted o steam for use 1n, turblnes ?% produce electrl—
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_A third thernal type 1s the high temperature gas—cooled reactor (Fig. I-3).
The moderator is graphlte- the coolant is helium gas. aSteam, wh1ch<agaln is .
produced in heat exchangers, runs .the turblnes : : .

Fast Reactors. These reactors use. liquid sodlum as the primary coolant

because it does not slow neutrons apprec1ably (See Fig. I-4) A “"blanket" of _
. U-238 turns ‘escaping neutrons back 1nto the core, "it also absorbs some neutrons
, and eventually’becomes pluton1um—239 hence, the name "breeder reactor . *" The
EXDerlmental Breeder Reactor II is of this:design. '
Intermedlate Reactors. The large absorptlon probabilities of thorlum in

the lntermedlate energy range are used to improve the conversion of thorium-232
“to uranlum—288e— An example is the nolten salt reactor that uses thor1um—232

© 1n the “blanket“ and produces fls51onable uranium-233. ' '
Plant Des1gn /

'All ‘reactor types follow a beneral design plan. Since metallic uranium
burns in air and reacts Wlth water, the fuel is contalned in a compound whlch
does not react’ w1th water, such as uranium oxides or carbldes, ‘in case of a’

' water leak Furthernore, the crystalllne matrix more ‘readily traps flss10n gases
The fuel 1s then encapsulated in tubes or rods which are arranged in bundles .
called fuel assemblies. Figure I-5 ‘shows same typical fuel element des1gns
Several such assemblles are nounted in'raCRS'to form a reactor core. These
form the second line of containment, the first line belng the fuel matrlx it-
self., The prlnary coolant is circulated in spaces between the tubes and around
the.assemblles -In the case of ' a thernal reactor, the coolant serves as a 3
moderator to slow down the neutrons and as a coolant to carry away the heat
(which produces the steam to run the turblnes) -In the fast‘reactors,_llttle .
moderator dapac1ty is needed o . —.

;'> The third line of containment 1s the reactor vessel which is made of a
hlgh—lntegraty,‘stalnless alloy Sensrng dev1ces ‘include temperature and

. pressure probes, neutron level and flss10n rate detectors, and perlod measur—

' ;fjlng probes,‘whlch check the rate at whlch reactor power changes ’ e

- The reactor vessel w1th its plplng, wiring, and control mechanism 1s |

L contalned w1th1n a shielding enclosurc The enclosure is made of 6 to 8 ft-
thlck hlgh den51ty concrete. The vessel,: cnclosure, and the canal whlch

. allows loadlng and unloadlnq of fresh and - spent fue]_assemblres undcr water, is
‘A __then enclosed in one (and sometimes two) addltldnal enclosures des1gned to

- contain any re]ease of radloacciv1ty whlch mlght occur

0
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Waste Water 1s a problem w1th pressurlzed and boiling watexr reactors.
Corrosmn products and low—level radlonuclldes accumulate by neutron activa—
tion in the coollng water Research is continuing into means of dlsposal »
whlch are enmronmentally, economlcally, and polltlcally acceptable. ’

"Ina technologlcal survey such as thlS, much detall has been sacri-
flced The bJ.le.ography glves the mqulrlng reader a startlng point for
further mformatlon, if desired. P ' : : '
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2. The word "materlals" is understood to comprlse- B

, TECHNOLOGICAL, UNIT QUESTIONS .

_ These questions are ‘not . to be- regarded as\a test- rather, they are a
part of the learning process. . They are to be: answered by reference to
the , and glossary. The. 1nstructor w1ll explaln any ‘questions conoern—
*ind the correct answers. : : S U

" 1. TechnoIoglcal 1nfommat18h 1s needed:

a) To pronote good w1ll between 1ndustry and -the general publlc
-b) To provide an understandlng of the operatlon of a nuclear power
. plant - .
: ¢) To provide data on the cost of electrlclt . '.
- d) TO'proVi 1nformatlon on alternatlve ene?%; sources

”~

) 3 '
-a) All phys1cal masses, matter, i. e., the stuff“%he world is made of -
*  b) Only solid matter
‘ c) Only printed matter -
o Compos1te collections of varlous atoms
3. The. smallest partlcle of matter that retalns the chemlcal propertles
of an’element is called
yaj A neutron v . _ : o o v
"~ b) An atom - - : T . >
c) An electron. N - Y P
- d) A proton R S

4, fMolecules are composed of:

o a) Smallggralns of materlal
b)  Protons and neutrons only .
- c) Several electrons & * ~ : ' '
d) Two or more atoms of the same or dlfferent elements comblned in
deflnlte proportlonsgg

- 5. The smallest partlcle ‘of a compound that retalns 1ts phys1cal and
: chemlcal propertles is a (n) .

-'a) Molecule S =
-b) Atom ' :
‘c) Electron:
Element
2

batanic particles smaller than atoms are:

Protons

) Neutrons '

) Electrons -
) All of the above

20
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T, Nearly “all-of the mass. of an atom is contalned in:
a) .The C1rculat1ng electrons--,a : - - . .
b) The protons . o : ]
c) The nucléus - . S : S
d) None-of the above = : : Lo

8. The nucleus is composed of:.

" a) Electrons and neutrons : - 3
b) Electrons and protons - - S ~ . N
c) Protons, or protons and neutrons - : :

d) Protons, neutrons, and electrons

9. The number of C1rculat1ng electrons in an atom 1shs
e

) Equal to the protons and neutrons in the nucl

Equal to the” number of protons minus the number of neutrons
" in the nucleus _ :

) Equal to the numbéer of. protons in the nucleus

Equal to, the ‘number of neutrons 1n the nucleus

" 10__'What characterlzes the atoms of any partlcular element°'

Co a) The“number of protons in the nucleus _

b) The number of neutrons in the riucleus

# ' ¢) The number of electrons in the nucleus
~d) The nunorr of orotons, neutrons, and electrons 1n the. nucleus

11, An 1sotope of an element is:

} ) An atom of that element w1th the same nunber ‘of rotons and a -~
.~ - different number of.neutronhs in the nucleus ; » :
b) An. atom of- that element with dlfferent number of'protons in the
& nucleus. ‘
. c)- .An atom of that element with protons in the outer shell ,
. d) An atom of that element w1th neutrons in the outer shell . -!,
. B 4 N
.12, Uranlumr235 the f1ss1onable isotope of uranlum 1s present in natural
s +. uranium 1n the follow1ng percent - '
a)706m
b) 70.0% RO S
cy 0.72% . . oo o
d) 0.072% L . -

-

13. . The two most abundant élements -in' the earth are:

a) Oxygen and Aluminum
- b) Oxygen and Silicon .
c) Oxygen -and Calcium
Oxygen and Magnes1um
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14,

15.

18.

19,1

o

’

.20,

. - . a) Protons, neutrons, and electrons

- Tonization is harmful to humans becguse:

" b) All atoms emit ionization &

Radiation is a natural phenomenon used to:

a) Malntaln the . earth in its orblt around the sun
b) Produce ocean tides :

c) Move energy from place to place .
d) Prevent people from living excessively long lives

. Familiar‘forms_of'electromagnetic radiation'(EMR) are:

-a) Heat and light

‘b) Radio and TV waveS‘, . e -

‘c) X-rays:

d) All of the above

| 'Ihe follow:.ng are not EMR forms:

~a) Alpha and beta rays = . -t

b) Heat and 1light N\ B - 3. ’ o

c) X-rays and gamma rays< - B - : o

d) None of the above T;f’:::> : - A '
Ny A ’ .

An atom that has lost %n electroﬁ is said to be -0

‘a) Agonized , o o o

b) Ionized - 0 oo

c) Publicized L oY - &

© d) Simonized . . 7 - S :

2]

a) Tt l;éhts'up one's life

¢c) It is destructive of human tissue
d) None of 1ts forns are dlrectly cbservable' by humans -

Non-lonlzlng‘radlatlohs-can-be harmful to humans because:

" a) They haveuno practical value to humans

b) They are never visible & , '

c) They are™produced as products of radloactlve d1s1ntegratlon
d) They are sometanes applled in efcess1vely large amounts _

When an atom breaks up, ‘the rollow1ng radloactlve d1s1ntegratlon
products are formed: - . -

"

/b) Lexicons, croutons, and leprechauns

- d) Hexagons, automatons, and xenons

- a) Alpha, beta and gamma rays

22
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21.‘ Of the three products'of radigactive disintegration, which is the most
o penetratmg - N ' ’

Coak Gamma rays
o .- b) Beta rays . - L .
. ¢). Alpha rays- . - - o S R o ;5’
d) None of the‘aboVe~ . o g e :

22, 3Half—11fe refers to

"a) The tlne reqplred for the break—up of a s1ngle atam.
b) Half of the time during whichan atom remains stable
c) The time during which one-half of the original quantlty of an
.~ element is changed by radioactive dlSlntegratlon '
d). On e—half of the average lifetime of an element N

23.. A short half—llfe neans _Af' R : " _j
a) Many d1s1ntegratlons in a short time : -
b) Many disintegrations in'a long time o o
- ¢) .Few disintegrations in a short time P /)///
d) Few disintegrations in a long time s »

. 24, The'least-hazardous radiocactive isotopes -are:

a) Those hav1ng the shortest. half—llves
b) Those having moderate half-lives

c) Those having the. longest half—llves' : : h A 5 "

"d) None .of the - above
25. Assessment of the. env1ronmental effects of lowalevel radlatlon 1s made
S dlfflcult 1f not 1mposs1ble by: ) '

a) Instrumental def1c1enc1es

'b) The pervasive nature of radiation
¢), Interference -from the ‘earth's magnetlc f1eld
d) The ex1stence of sun spots

26. An atom of Ur unr235 can be caused to spllt 1ntoLtwo nearly equal parts

a) By absorblng a neutron _
b) By absorbing a protén .
c) By absorbing an électron -
) By absorblng a photon )
- 27. On the average, how many neutrons are emltted per f1ss1on in a nuclear
' ‘reactor: :

- a) 2.5 ST '

. by 0.25 ) o R L
C)25.00 . T ) . ) . i o
a). 2.05 S = . L




28. Neutron—absorblng materlal is: added to the core of a reactor for the
g‘purpose of. : _ v o . .
: .o - . a !
a) Absorblng heat for control purposes .
*.b) Absorbing electrons for producing heat
) Absorbing neutrons -for control pprposes”
d) Absorbing stray: protons BRI

¢ 29, The energy produced in a nuclear reactor isz

. a) ‘The result of frlctlonal forceS-‘ , - . -
b) Due to hot spots on the Uranium-235 ‘atams
.¢). The result.of the conversion of mass to enerqgy
d). The result of coollng the core by c1rculat1ng cold water
‘_\ 30,

The fragments- resultlng from nuclear flSSlon are’ known as:

a) Fission by—products
‘b) "Electrons and protonsv .
- c) Stable isotopes - I L
d) Unstable 1sotopes ‘.-~"‘f . ' R x

3l.',}he half—llves of flSSlon products

- a) Are all very short- . . - : _ :
b) Are all very long . a o -/,/
c). Have values ranging from very short to very long I
ay Are all completely unknown !

).
32, One cublc meter of calc1ned flSSlon products produces engugh gamma
: heat to heat X . N _ DR
) 100 anes per year :
-b) 4 h
c) No g at. all
- 4d) One noblle home

,33.A,Stront1unr90$is a dangerousvfissigp'prOduct-because:

i

It is radloactlve, it dlsplaces calcium in bones; it has a long C
half—llfe, and it has hlghly radloactlve daughter products o

34. wWhen a fuel rod is refoved: from a commercral reactor as belng used up

It is ghrown 1n the dump : ‘ ‘
b)‘Co d reprbcessed o salvage the unused fuel ard el ~emove the

yeou Y .

{ " fissjonjproducts = - | vx‘,ﬁTf"J"'

c) It is Feprocessed to render the fission products harndess
d) If is reprocessed to make sure all Ehe avallable heat has been -

’
T




35.°

36.

38.

39.

~a) A Physicist

“b) One 1n whach steam is produced as in a coal—flred plant -

,C) A steam explosion : ,
. d) . An explosion that burs e contalnment bulldlng and spread radloactlve

A health physicist 1is:
. . : 9 ) 4 |

b) A Technician ] ' S

c) A Data Clerk =~ L : : ' ‘ )“"

d) A watch dog .

e) All of.the above

- A nuclear "bomb—llke" exp1031on is 1mp0331ble in a nuclear power reactor

_because. ‘ 4
ja)Thugslﬂm-umtjmyﬁ&m'thaxen : o ’ a// _: - >:¢
b)Y Nuclear power reactors are constructed geometrlcallV's-fe : .

c) Safety circuits have built-in devices to pravent’ exp1081ons (
'd) Exp1031on—produc1ng procedures are prohlblted : i

A nuclear “"bomb-1ike" exp1031on is:

o

_53 One in whlch nuclear reactlons only occur and temperatures and .
' - pressures result that approach those in the interior of the sun -

c) One,that blows up like a bomb

d) One that has nothlng to do with nuclear energy but 1s called that 5

because of its Vloléhce 4'
°. ‘ L

The event 'in - Idaho was what kind of exp1031on. R
. o ) ) ) o . ] .

a}; A trivial matter ¢ T s o s o
b) A "bombwlike" explosion ».ﬁVP 4 L jﬁ, . < y

-

,fcontamlnatlon over a very arge area,

A recent event that has focused publlc attentlon on nuclear reactor safety
was: : . . ~~_¢mg L , : v

~

| a) The srnklng of the Titarric

"40.

b) The SL-1 reactor accident = “"7??f“aﬂa o

., d)” Thé bomblng of leoshlma

c) The Three Mile Island accident

Lot

AAccordlng to the flndlngs of the Pre31dent S. Comm;%éionfon thelfhree:Mile

Island acc1dent o S S e

- R .' : . ¥
v

RIS

o -5.da},There were equlpnent fallures_ but the 1nC1dent would have been L

“" fuiner if properly handled
b) THere was nothlng the operators. could have done to mlnrmlze the

| c) There were no problems with the equlpment

Y owa
T . .

effects of the equipment fallures‘/

._‘

"~ d). The operators’ did everything possible to minimize the effects of

[N - - »

*equlpment fallures T ' “\

t-

ey




' 41;' The Pres1dent's Connussron 1s conv1nced that-

a) The operator's attltude toward reactor safety 1s of llttle ,
consequence C
- b) Human beings who nanage and operate the plants constltute an
- important safety system .
c)‘Nothlng more need be done to 1mprove reactor safety ' :
d) Regulatlons alone can assure ‘the safe operatlon of nuclear reactors .

:42.’ The Pres1dent s Comm1s51on belleves
o .

a).That nuclear reactors are 1nherently safe and nothlng more. need be
-~ 'done - -

~

b) That it is an absorblng concern w1th safety ghat will brlng about safety
~¢) That an absorblng concern with safety is des1rable, but not necessary -
- d) That no amount of concern wlthfsafety will make nuclear reactors any
o safer o . .
439',A v1tal component of the reactor safety systeh'”s;’ . Lonn it

X ’ v, R
\ . "-_") .

a)’A set of narrowly prescrlbed andicomplex regulaElons S
~ b) A vast array “of plant function indicators’ dlsplaylng normal operatlmg
" conditions* only
c) ‘Well-marked -escape routes fer. use in ‘the event of an 1nc1dent
d) The human belngs whp nanage and operate ‘the plant

44. The Naval Nuclear Propuls1on Program has operated nuclear reactors how
long w1thout ar acc1dent “inyolving a naval reactor. .

)

~a) 2. 6 years- « o S ' '

b} 26.0 years
. ©) 16.0 years.
Sy dx l 6 years

'i‘”ivdd

,Ka) Tbtal respon51b111ty res1d1ng in_ one 1nd1v1dual o
.-vff,b) ngh level of mental abilities and qualities of judgement _
0 -.ne) Strict campliance with detalled operating and casualty procedures
ci e dy All of the above L w .

'f&%. fCommunlty officials need. to take the féilow1ng steps to assist 1ndustry
: " to operate nuclear reactors safely.,v”'. v : ﬁy. , ,

. ;;.fﬁ ©a) Malntaln a cont1nu1ng expressed 1nterest in plant safety opératlons .
' . " b) Leave everything up tq the industry officials
c) Ceontinue to pressure 1ndustry to adopt narrowly drawn, compllcated
C regulatiotls ,
- d) Set up/standards for 1ndustry to follow




47..

- 48.

50.

‘51

.. "b) Pressurized water reactor; . : I R .
4. C) Gas—oooled h:Lgh temperature R R o
- d) _Bo:LlJ_ng water reactOrs tL : ‘ .- : L

. In 'a pressur;Lzed water reactor :Lnstaliatlon, llght water 1s. o

o "a)a Gas led and Fast breeder reactors o R

5 ’
. f» o ”-U.u-f‘ ;'Tb ”-U:f;fvﬁ ‘ '-,(i ‘ .
The }q.nd of a neutron needed to produce f_‘LSSlOI’lS in a pressurlzed water
reactor _‘LS‘ e i L .
a) A fast neutron LRI §

b) .An J_ntern‘edlate neutron , S L o o S
c) A thermal neutreon 70 . - o o o S
d) A f:Lss:Lon neutron O : - ‘

o . . . . . . a CAETRRN

quuld sodlum lS used eas a ooolant in what kJ_nd of reactor:

a), 'L:Lqu.ld metal fast breeder

S e L -
T SN

o
e

; ‘Never: used R T S "" e g
-"Used under’ pressure to preverft bo:LlJ_ng e S

.Used under ‘reduced pressure to improve efficiency . ﬂ_: e
,Used mJ.xed Wlth liquid sod.l.um to. pernu.t the- development of hlgh power :

Omdes or carbldes of uranium are used m preference to metalllc e
uran:Lum because: : T U .

a) Metalllc uran:Lum is pyrophorlc (burns in the presence of air) "

b) . F:Lss1ori gases "are more readlly trapped_ in’ the crystallme matrlx s
c) Does ‘not react: W_‘Lth water -asdoes metall:Lc uram.um N I N
d) All \fhthe above,:; ' . _‘ o LT -

AN
. ( PR
The most common oomnerc:ral reactor types ‘are: . s

_1 \\\ \,
<

‘EWR
‘;" t and Gas—cooled

c) Molten_

o
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'i'Geometrlcally Safe f% c o /'
Th guarantee that a nuclear power/reactor cangét explode “llke a:
fety T

_ bamb" rests prlmarlly on- the concept o@ "geometrl o
b _ Neutrons emitted durlng flss10n ve very hlgh energles. Hence, the _
. f dlstance that they travel before encounterlng another uranlum atam to pro—
duce*another flSSlon is also: large. If, then, the dlstance from the ‘site
) | of the flss10n to ‘the edge of the core is small compared to the neutron s’
" ?: - path length, that neutron will escar before it can. cause a flss10n.. To
- malntaln a chain reactlon, at least ne, on the average, of the average 2. 5
4 fission neutrons must be absorbed b'-another uranium atom. If more than
B :'r;l 5 neutrons per fission escape, the chaln reactlon cannot ‘be malntalned
-That happens when the surface area jof - the core is large compared to the '_
mass of the uranium. ° In, the case Lf a bomb, this surface—to—mass ratio is
Yiiﬁg reduced to the minimm. Nuclear nower reactors have large surface—to—mass
. ql'ratlos to make them geometrlcally/safe. . )
If the geometrlc'factor were thé only factor, there would be no. nuclear » -'
reactors. ‘At this point, other characterlstlcs came into play ’ '

: Thermal Coeff1c1ent ?3? _ N : o :.\

_" B The f1ss1on neutrons with low flszzonfassorptlon probablllty must be

".slowed down to thermal energles where the flss10n probablllty is hlgh CIf,
however, the core heats up, a v1t must to produce power -the neutrons are :

7zggw; pushed up to hlgher energles where the flss1on probablllty is less.,}ln'

B addltlon, thermal expansion reduces fuel density and hence, f1ss1on probabll—
1ty. The degree to which the reactor responds to an 1ncrease in temperature
is Called ‘the temperature fflClent. Most reactors are des1gned to have -
ca negatlve temperature coe7f1c1ent and hence, the power is. self limiting. .
But there are other countefactlng effects. Thermal expansion of the nodera—
tor and/or coolant reduces neutron absorptlon and hence, neutron loss._

Theiabeue explanatlon has been over: s1mpllf1ed and the actual des1gn

v s much more compllcated/ ey :
o Reflectors L , ‘ . . ,
_‘;- To malntaln a neutron chaln reactlon, it is necessary to reduce the . g"

!

“leakage_of neutrons fczm the core. . That is done by surroundlng the core Wlth
s a reflector. A refle r is a material having a large scatterlng probablllty
. and a ‘'small absorptloZ probablllty Varlous materlals have been used for thlS

purpose. Sometimes th reflector serves a dual puroose.: When uranlum~238




‘_1s used it also serves as a breedlng materlal when graphlte is used 1t
also serves as a moderator. e ’ A

g >

Delay;_ Neutrons . 'ff‘ PR - » o

When nuclear fuel f1ss1ons, all the average 2. 5 neutrons per flss10n
are’ not‘emltted at the moment of f1s51on ‘A small percentage are, emitted-.
. from certaln flss10n products‘a short time later._ There are several groups ,
t ‘v, . Oof such delayed neutrons that are emltted anywhere from about .2 second to’
\}' about 50 seconds follow1ng the 1nstant of fission. A _ .
Delayed neutrons are cruc1al to the control of nuclear reactors The.
power level of a nuclear’ reactor is controlled by the 1ntroductlon or re- -
roval of absorblng or reflectlng materlals, that is accompllshed by means
of electro—mechanlcal dev1ces. S ' o '
.The control CerUltS 1nclude neutron'sensors, s1gnal ampllfxers, and
‘ mechanlcal actuators.-These cannot be made to respond to neutron level
'@'» 'changes 1nstantly. 'The ex1stence of these delayed neutrons, therefore,‘
; leaves time for the “control devices ta take*effect. ’ . .
The des1gn of a nuclear reactor, - therefore, requlres an optlmum balance
v of all these factors.. f1351on probability of the gyclear fuel, neutron '
-_leakage from the core, reflector eff1c1ency, moderator and coolant scatter—
1ng and’ absorptlon probablllty, temperature coeff1c1ent ‘and control cir- -

‘The Idaho Incident'

: Exactly what led to the Idaho 1nc1dent referred to in.the text w1ll
* never be known, 51nce the three military service men present were kllled
 What is known is that steam ‘was generated at. such a rapld rate that the
top of the reactor vessel was blown off, and the moderator—coolant and control -
rods were blown out of the core. Removal Of the moderator put an end to f
' the chaln reactlon and’ thus a "bomb—llke" exp1031on was 1mpoSs1ble.. The ,
'chlef damage to the core was mechanlcal due to the violence of the steam
.-Iexp1051on ' ’
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CITIZEN EDUCATION on NUCLEAR
: TECHNO]'_OGY'_

II- ENVIK)I\MENTAL/ECO]’.OGICAL UNIT

L. ":n~~ e '"And‘makes us rather bear those'ills we have,
' Than flv 0 others that we know not of."
S Hamlet i B

INTRODUCTION

.. The relatlons between nuclear energy and the ehv1ronment may be
classified’ as, - a)‘The effect of the env1ronment on the nuclear power -
plant, and, b)The effect of the nuclear power plant on the' envrronment
- To place’ the whole questlon 1n the proper Derspectlve, these same effectsv '
B resulting fram. the conistruction of alternatlve energy sources also need : -
to be cons1dered _
| - The 1mpact of the oresence of a nuclear oower blant on humans as a
"part of the eco—system 1s described.. '
"As an example of the klnds of thlngs that need to be cons1dered,
"and how the Droblem was handled in one lnstance, the case of the Idaho

1

Natlonal Englneerlng Laboratory in eastern Idaho is descrlbed

) ‘
. ~

ENVIRmWEEH%L EFFECTS ON A NUCLEAR.PLANT

“Introduction . Lo C y Y

' When plannlng for a nuclear oower plant.beglns, the olant's effect

on the env1ronmeht and the env1ronment s effect on the plant are among many
- factors cons1dered The intent 1s to mlnunlze, to the qreatest extent ,
-‘poss1ble, any damage which may occur 1n the event of an accldent ‘ ‘
The s1t1ng of the plant, therefore, ‘considers’ such “th qgs as prevall—
",1ng w1nd dlrectlons, ralnfall hlstorv, and flood threats, and the selsmlc o
.(earthquake) characterlstlcs of the area. _ : v
The w1nd dlrectlon 1s probably the most obv1ous concern to the layman'
If an. acc1dental release of radloact1V1tv were to occur, it would be 1mportantoj
‘that the plant be s1ted to mlnunlze ‘the effect of that radloact1V1ty, Dartlcular— ;
- 1y on oeoole and in aqucultyral areas. . e »
Ralnfall and flood threats from nearbv rivers or dams are also ‘con-
.-sadered because of thelr oossrble imact. on the olant structure 1tself
Most neoole, when thev thlnk of earthquakes, think of an earthquake belt,
f stretchlnq from Callfornla to Alaska | Manv also remember the auake which struck o

=
&
Ln
[%6)




vthe Yellowstone Park area in 1959 Peoole who llve away from those areas
Drobablv think of earthquakes as somethlng which "can't haonen here.” ' ,
‘ Actually, everv area of the U. S. is subjected to small® tremors as. . 4
" a normal occurrence, usually unnotlceable except on soecrallzed equ1ument o
’ ;In fact Boston, Charleston, S. C., and the St. LOUlS area have all suffered
. massive quakes since they were settled bv European colonists. Since thas '
 potential exists, the bullders of nuclear olaﬁts are reGU1red to Dreoare
v for that remote worst poss1ble event. - )
_ " -This part of ‘the text w1ll deal with conditions that exist- 1n the area <
" of the nuclear test fac111tv here 1n Idaho The materlal is oresented as an
example of the kinds of thlngs that need to be consrdered in the constructlon
of ccmnerclal nuclear nower plants.

iPrevalllng Wlnds '

»

The Idaho Natlonal Englneerlng Laboratory is in a belt of prevalllng _
westerly w1nds. Lack of atmospherlc stablllty 1n,the sprlng and summer leads
.{to stronger w1nds, wrth the hlghest wind speeds reglstered¢1n the spring. ,
' Generally, w1nd dlrectlon is governed by the mountalns ‘and mountaln/Valley
o effects, w1th alteratlons caused by storm patterns._ At hlgher altltudes, the
_predomlnant dlrectlon in _the winter lS NW shiftlng torW ln the sprlng, SW in
§ the summer,. and back tos in the fall BV
, Informatlon about w1nd speed and.drrectlon lS derlved .in three ways
radar, transponders’~ a radlo dev1ce sent aloft in' a balloon whlch transmlts
weather 1nformatlon at the command of a base statlon, and tetroons - a one—cubac
':meter four—s1ded constant vol balloon made of mylar _ : .
i “The prlmary concern, for thlS course, 1s the relatlon of w1nd dlrectlon
~to populatlon centers. Towns: in the path of southwesterly sorlng and- summer
. w1nds 1nclude Montev1ew, Mud Lake, Terreton, Dubors, Camas, Hamer and St.
- Anthony ©In the w1nter, strong southwesterly flows can occur in advance of a
storm front The normal northerly winds of winter flow toward Arco, Sterllng,
| .‘Pocatello, Moreland, and Taber. (See Figure II-1) .

' Flood Threats
- " The Unlted States Geologlcal Survey (USGS) ‘has" COmpleted three surveys
to evaluate the effects of floods and dam- fallures on INEL fac111t1es ‘ The
objectlve in each was to calculate the route and volume of flood waves from

Mackay Dam, 1n case. of a fallure, or routes of 300—year snowmelt floods on the
Big Lost Rlver (Floods are categorlzed by their. severlty. A 300—year flood,
therefore, 1s one soO sevgre that the chance of its occurrlng is only once in-
a 300—year perlod ) See Flgure(}I—2) i
ey _
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- The flood plaln on the INEL Slte is verV flat and. ranges un to flve
miles wrde.' acrlrtles which may be threatened by severe, floodlng include
the Radloactlve Waste Management Comblex, State nghwayrzo Central Facrlltles

'__Area, Test Reactor Area, Idaho Chemlcal Process1nq Plant and the Naval Reactor

FaC1lltv. These range 49 to 62 mlles from the dam s1te. sen

Stream flow in- the qu Lost River orlglnates in mountalns to the north -

and west of the Site. Becausevof water storage at the Mackay Reservorr and

- redyced stream flow due to 1rr1gatlon leers1ons and 1nflltratlon along the

'rlver, s1gn1f1cant amounts of water in the Blg Lost Rlver w1th1n the INEL

e
Flows on the river system within the Site are’ separated at a d1vers1on

occur only when there is.an abnormallv large snow melt..

dam, 1in ‘the southwest corner of the Slte. Four natural depress1ons are used f

- as "spreadlng aneas" and the" drverted waters are allowed to naturally 1nflltrate.

._,S1nce the flood control project was constructed in l958 no whter has reached'

" the fourth spreadlng area and onlv a small -amount reached thelthlrd area, in

[N

1965.. - - =.y:f} s;._ R Lo S{...';

The- water whlch remalns in the river channel is reduced by 1nf15"

:-About l8 miles. bevond the dlvers1on dam, ‘the water enters an area of branchlng. -

channels and: four playas’ \flat—floored undralned desert basins whlch become

o shallow lakes) Aqaln, some water has reached the thlrd Dlava and none has’

o reached the fourth

2

Selsmlc Effects

A two—year mlcroselsm stu_v for the Eastern Snake‘Rlver Plaln area was

{~:completed n l976 'The study was oreoared by the Health Serv1ces Laboratory

at the INEL and the Uu. s. Geologl L:Survey offlce 1n Las Vegas, Nevada.
_'_ Three .stations at the INEL and three at Teton Dam were orerated ‘daily
durlng the study hJanuary 1974-December, L976) n- that tlme, 8700 natural

: earthquakes were reglstered at. the slx statlons, w1th none above 1.5 magnltude’

on the eastern Snake Rlver Plaln and none near the Teton Dam reservorr. In”~

that iod, , ho earthquakes were detected on the - INEL.
' Th' e has been no hlstory of damaqe to bulldlngs in Ehe area- occupled
. by -the < The Hebgen Lake earthguake, Auqust 17, 1959, which measured 7.1

on the ﬁichter scale, only resulted 1n the- snlashrnq of same water from a

reactor storage canal.; {;

%hrough 1969, the eastern Snake River Plaln was des1gnated a zone 2

'~selsm1c risk value, or noderate damage DLObablkltV. In- l969 thlS 'was changed'_

to zone 3 - "major damage probablllty. There 1§ currently d1scuss1on that may o
result 1n a return to. the zone 2. rank‘ng (Earthcuake zone - ranklngs ave’ 5; '-5§ .

assicmed bv the Internatlonal Conference of Bulldlnq OfflClalS

1O
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Other studles have shown the” potentlal for earthquakes at the INEL

“ffocuses in. two areas. The flrst a scarp (llne of CllffS caused by fracturlng

of the earth's crust) across from Howe, Idaho, ‘is con51dered a site of potentlal
’_concern to the INEL The second, a«scarp on the east s1de of the Blg Lost- River
‘Valley north of Arco, was 1dent1f1ed for furtHer study.- Both: faults. may have -

been actlve as recently as 4000 vears ago, and a magnltude 7.1 quake may have
occurred at each location. Nelther ‘the Arco nor the Howe scazpfshowed any
act1v1ty durlng the 1974-76 study.: R

The art of des1gn1ng structures to w1thstand earth es has made s

s1gn1f1cant progress in this ‘century. ThlS progress has been,applled to the

plannlng for earthquake—proof ‘power plants. Three large 1ndustr1al and conven—

‘ tlonal power plants which have been designed to W1thstand and have been sub—

s1t1ng and constructlon whlch would mlnlmaze exposure to. actlve faults and

jected to large earthquakes, have experienced no major damages There has._"
been llttle actual expérience Wlth earthquakes at nuclear power plants. - . °* .

Q@ -

‘ Those that have occurred (mlnor quakes lnﬁJapan, two major quakes in Callfornla)

have caused no damage. . “} : ‘
Plannlng for nuclear- power plants is requlred to 1nclude prov1s1ons for R

’

damage; should tremors occur. Vlbratlon tests are- conducted on 1nd1v1dual

components and entire reactor bu1ld1ngs have been. tested us1ng mechanical !

o shakers High explos1ve charges have also been detonated nearby to. snnulate B
wthe effect of strong tremors. ' ' :

°

EXTERNAL EFFECTS OF NUCLEAR POWER -
: 'PLANTS B v o
Introductlon o 'j’ ’,." d_.~‘ e AT R

Under normal operatlhg cohdltlons, nuclear ‘reactors have a pote?tlal L

'for easing some of our'enilronmental problems ‘They" do not cause the air

pollutlon which 1s a problem with foss1l—fueled plants And since so much

"less uranium than coal’ is needed (65 tons of uranium ore vs. 2,500 000 tons

of coal for a lOOO M4 plant annuallyr, there would be proportlonately less

'land damaged through strip mlnlng, etc The .sheer volume of waste materlal

.,} at the power plant site is much less, w1th coal waste running about 12% of the
total burned (12 tons of ash for every 100 tons burned) and nuclear at about

004Q (exght pounds per 100 ‘tons of uranlum ore mlned) To be fair, uranium ore
process1ng “results in large anounts of waste Generally, the ore 1s milled at.

op near the mine s1te, w1th solid wasterreturned as part of the site restora—

“tion process The coal waste descrlbed above is produced at the site of .

. the power plant, rather than at the mine. B : .‘ : , J{'"
The majorlty of thermal power plants (both fossil and nucl%gr) dis
A 38 .
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- are completed exrstlng state, reglonal ard federal. standards will pro

" become even more rlgrd

vare deSCrlbed later in. thrs unit.

: plants are such 11fé forms These are used as mon1tors.

. excessrve anounts of radlatron.

Acharge condenser coollng water drrectlv lnto nearbv waterways.j In~many areas,;

damage has been done to streams and tldal basrns. AS new. ecologlcal studres

Limited benefits of thlS waste heat may be 1ni agrrculture and‘aqua—f

culture, but extenslve ‘use 1s a long wav down the road wrth much research

| Stlll to Be coleeted ’ o s

The 1nned1ate environmental contern whlch must be resolved if nuclear :

,enerqy 1s. to assume a greater proport.on of the burden in thlS country, is

the drsposal of radloactlve waste materrals. The processes currently used

Radlologlcal Release I T : SRS - 3

- Two krnds of blologrcal efrects exist. Somatlc effects are those ex-

‘perienced by the thlng exposed to radlatlon.' Genetic effects are those which

are passed on to succeedlng generatrons.j 1t lspa umed that the effects of

radiation are proportional to the amount of,exposure..-Therelrs no evidence

. thatvlow levels_of radiation cause'elther etfect' but it 1s also assumed that -

there ls no "sara" level. Therefore, very strlct regulatlons are. 1n nlace
for the operatron ot nuclear nower olants

Contlnuous studles of. the envrronment are a condrtron Dlaced on the
.utlllty when an operatlng lrcense 1s issued. The kinds of control eé

leases of gases and water Wthh occur under normal ooeratlng condltlons are

1t1ny fractrons of the conservatrve llmrts set by the federal qovernment

- Some plant and anlmal soecres "reconcentrate" radloactlve materlals 1n thelr '

Asystems wrthout dorng harm to themselves. Some shell frsh and aquatlc

A legrtrmate area of concern for. manv SCrentlsts is the*cuﬁﬁlatlve

“effect, Many studies and experrments have been conducted and papers wrrtten

about the effects of unusual doses- of radiation. Subjects have erther been
exposed durrng controlled experrments or as a result\of fallout from nuclear '

weapons, tests, because the area around nuclear reactors s1mply doesn t contain

Radlatron ‘Effects : T\f'

Before’ descrlblng radlatlon effects, 1t 1s necessary to define the ;;,,
units belng used. Radlatron sources are measured in terms of a unrt called
a. Roéntgen,: named after erhelm Roentgen, the dlscoverer of X-rays. It 1s
based on the amount of . energy in the- form of 1onrzed partrcles aDDearlng in

-‘a cubrc centrmeter of air under standard condltlons of . Dressure and,temperature.'

-
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Y.\ dlfflculty arlses when'apnlled to humans, s1nce the enerqgy - absorbed by
' f human tissue 1is dlfferent than that. absorbed by alr for the s

"7;(or Xy ray The nroblem was solved by . relatlng the radlatlon dosage to the S

"amount of blologlcal damage - The new unlt is called a roen equlvalent

.man (rem) . R o .

Human Effects - The pr1nc1pal route of external contamlnatlon for the'

. general populatlon would be from radloactLNe gases.. The result of large

.5;v5amounts of such gases can be death from radlatlon no;sonlng or the poss1blllty
fiu.‘of leukemla or other cancers.; These dlseases arlse from other causes ‘as. well e
" of course, and are dlfflcult to pin to specific causes Other cancer agents; (f/‘
including food addltlvesq pest1c1des, combustlon em1ss1ons, etc ’ are also k

e

\,...;

. dlfflcult to isolate.: o T ‘Aa?.~.- _ :
; Lesser dosages result in symptoms such as nausea, vomltlng, and lass1— o
tude for: several weeks before full recovery R “;. B

The most talked—about 1nc1dent of acc1dental release 1s, of cohrse;a R
Three Mile Island in March l979 ,;fStudles were, immediately undertaken to R
' determlne the effects (mosthf the gases were’ contalned) It was estlmaoai *A%L;'

that any increase of cancer, if 1ndeed there is any 1ncreaoe, w1ll be so
- ,small as to- be. 1mposs1ble to detect from the number of cases which can be ’
lexpected anyway The most serious health effect, accordlng to the Kemeny
'report, was mental stress. . i _ “ . :. .
Table II-1, taken fram Nuclear Power QUle Reference (General Electrlc,
-Corporatlon, using materlal fram® Background Informatlon of Radiation by R. E.

- Linneman, M. D. Aprll 4. l979) lists sources of natural and man—made radlatlon

S

| : ‘Table II-1 S A
P L T?‘ Natural Background Radlatlon : o ; -
‘ . Source *'_ _ oo L 1hllrem Per Year o : {Rfd'
‘Cosmic Rays - L ’ ‘ . o35 . '... '
o Ar . . -5 o
- .- Building Materlals o : o - 34
- Food =~ o : 25
- Ground. - __— _ - 11 -
Total: | - .« : = - . 7110 mrem
. " Man-made Radiation: _ S
Source” - .. 7 "'Dose Rate

Coast—to—Coast jet f lght , T T mrem/round trlp
' Color television * - o '~ 2'mrem/year/hour .of v1ew1ng
.X—ray diagnosis - : S - 50 mrem/exposure
eapons fallout - h 4 mrem/year-
Living within a 50-mile radius of a . o
o nuclear plant _ -~ .02 mrem/year
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. : ; § -
Table II 2 llsts the effects of 1on121nqrrad1atlon on humans : R

minutes*) AN > S ,,11_ . ’
200 rem nausea, vamiting, - - " full recovery in . _
diarrhea, irratable . 1-2 weeks 1 .'\\
_ : lassitude AP o ' -~
. 500 rem - PR . '{ﬁA » same symptoms ln i"l".A 1/2 of those- exposed
. S B -more acute form' - ¢ | will die in- 30=40 .
- . .7 - days; other Half-full
: oo - .. . récovery ‘in several,\
' o e Y . i oL _IT\Ol'lthS . *
‘ ; ; B z;tﬁéﬁal§t0~all»f 'vf.”ﬂflarger the dose, the _

sooner the fatallty

*Slmllar dosages spread over a. longer;perlod (say,‘one year) ‘would produce no
symptoms Tio fatallﬁles.' : . U, : :

Source The Natlonal Counc1l on Radlatlon Protectlon and Measurements =

R BT

Federal standards-for workers at nuclear pOWer plants lunlt dosage to’ 5 rem

' per year," and the general publlc to 0. 17 rem per year The average exposure 1s
less than 0.8 rem throughout thearndustrv, anQ:O 001 rem “for 1nd1v1duals llVlng
- near nuclear power plants ' ' ' ‘

A_; Radlatlon standards are based on 50 vears of research bv the Internatlonal '

Ccmm1SS1on of. Radlologlcal Protectlon and the Nat10nal«Counc1l on Radlatlon

. Tu . .
-~ A el e . -

Protectlon and Nbasurements. PR S Tﬁ RS

An estlmate ot vour personal exposure to natural and man—made radlatlons
- can be calculated by usé of Table II- l Table 11-3 is a form that_you can _ _
C£111 qut to make that calculation. Under "Locatlon," Idaho Falls res1dents add o &

47;' Add the approprlate number for the- tvpe of house you live. in. Add.approprl—

ate amounts for ]et—alr ‘travel, teleV1s1on V1eW1ng, X—ray dlagnosrs, and’ prox1m1ﬁy
.to a nuclear~plant. By studylng the entrles 'in Table II- 2 you ‘can determine what

steps you mlght take to reduce your annual exoosure.\f wj"ui- N\ "EL,"

o
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Table II—3

Human Effects - Radlatlon

A' I_IQW to Estln-]a. o Yoll‘r Radlatlon wsme ) »; .‘ a,‘ . N '-a ) « - ,.--“n_ q o
,Radlatlon Sourke i L . ,-*" S Annual EXPOSUJ-”e e

\f'Loc.at_lon Cosmic Rad at Sea Level plus T R 35 mrém S
VN 1 x each 100. ft. of 'elev. : ... U T B
-y (Idaho Falls - 4700 feet) . - :

House Constructlon Wood - 35 Concrel:e.— 50 .

vGround U. S Averagc AR - I 11 Wy ‘.Q

Water;, Food and Air: U. S A\feraqen’ S

Jet Travel: I\umber of 6000 Im.le flaghts (round trlp, :...,-"?“' 'ff_" 3

P TeleV1s1on Vaew:mg? Black and Whlte - number of hours‘-_ e
A per dayx l ——— -

Color - number of hours per
day 2

‘j:-_‘.
S

o '"X—ray dlagnosz.s and treatment B oo
S Chesrt X-ray - number x 50 -

Gastrolntestlnal ~ nunber X. 2000
Dental - number X 20

proxmu.ty to nuclear 'power plant . e S .‘ L
- At boundary - number of hours per day X 0 2-—__-ll-;_ S e
- SR One mile away - number of hours per” day X 0 1 S— )

. Five mJ.les .away 4 number of hours per day X 0 002——.'

-Over flve rru.les - None E

PO l&,'ig

 (Soures

N4

and Electronlc Englnee? I.nc )

Sub—total S ——— L 'jm}emj

Brick - 75, stone-7o e I ST
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o Table II-4 llsts the llfe—shortenlng effect of varlous factors ln human
experlence - : - , .
woF Table 11-4
- Lafe-Shortenlng Effects of Varlous Factors in Human Ekperlence
;.: Tactors Tendlng to Decrease ‘f '. f" ' Decrease of Ayerage Llfetune o
w Average L;fetune. - L - . . -
o . . . o ‘. . 0" . .', .
BN Overwelght by 25% e - 6‘vears | .
T f Smoklng 1 pack per day . '”':. o 7 0 vears<;' .
" Smoklng 2 packs per days -; oy L lO 0 years , '
'%if'] - C1ty rather than country llVlng g 'xff“ifhf,., 5.0 years
P } Actual radiation from nuclear power S e
' : plants in 1970 = T lessithan‘l'minute- .
. Estimatd for year 2000 with 100-fo1d 5 o o
. o 1ncrease in nuclear power productlon EEVIUR less than 30 mlnutes
L T N ) T . _“ Lo S pm .
. 8 ‘ ‘ “:‘d
- . a " e . . . . . . %:-’ '... ‘
'II v P ...' . ‘ ‘ . ’ e . . o ‘- . "‘e§ T oa " 'r. oo . 2
o Source- Adv1sory Connu881on on the Bloloqlcal Effects of Radlatlon, Natlonal
o Research Counc1l 1972 r»?‘) A S
T - R _7 TR v e e,
. 2 PR .' R - . i ' ‘ - . . - o - ] \ - .
: . ) B s | ¥ - N - ,‘ . N
T . ‘\ T e ar
s For those who' mlght be lnterested in the effects %?%eﬁtreme doses of
‘ : radlatlon, there are several publlcatlons'avallable. . (7ﬁ_-f‘ P
. Same Effects of Ionlzlng ‘Radiation on Huan Belngs -at study o s,f
R prepared by the Naval Medical Research Inistitute, the U.*S. -~
e ‘Naval Radlologlcal Defense Laboratory. and Brookhaven National - - %

Laboratory "A report. of work done’ follow1ng exposure to fallout
from a nuclear weapons test ln the Pac1f1c ln 1954

- o ) 22, Long—Term Effects of IODlZlnq Radlatlons from External Sources _ ak" -
e - a report prepared by & Subcammittee of the Cammitteé on Pathologlc
...  Effects of Atamic" Radiation -of the Natlonal Academv of Sc1ences = j‘

. 5 : Natlonal Research Counc1l L o -;,,,
‘3. A summary of studles done. in tmo cases of exten31ve radla o
-, exposure due to fallout from & nuclear: weapens test: in 195X » T
/ contained in Environfental Radloact1v1ty,_by NEmrilllElsenbud S
. v . - : , > . "
=3 : : N A ' |
.':tjl . - r—'~‘ .
- 2 . \ ; ' _ ~ .
L ey ‘ - . .
R S |
‘ e o4 . 3
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.fHealth Efrects on Mlners of Uranlum Ore ;,'. . R & S ; W

Durlng the early years of the nuclear lndustry, onlv general protection
requirements were enforced In l966' however, the Fedetal Metal and Non« /
) Metalllc Mine Safety AéE\wa’ passed to limit &xposure to;, hazardous materrals.
'ThJ.S was further amended in 1971, including’ Better: ventllatlon of mings. AT -
"aspects of - the. nuclear power ;ndustry results 1n three cancer death§ perhyear,wi
accordlng to flgures avallable from the Natlonal Instltute for Occupat&onal i
S&qumﬁlkahm : [b o ‘“@{Qﬂ",;=“ﬂ- LA &

;'J * Flora and Fauna EffeCts *. . d o s T w : i
LY i Studles have shown that confrolled releases of rad10act&V1tv havenbeen.~

:I-eq : * ,\ h
‘ ﬁ, of no ecologlcal srgnlfrcance.- Less complex organlsms seem toﬁbe«more re- .-
N dd y v i s
51stant to.the effécts of radlatlon. Deserts, tunc ra, anq grasslands seem *'f*

?:

to be most res1stant to the effects of larger doses of radlatlon, followed

.l by de01duous forests, w1th conlferous forests most sensltlwe. ThlS 1s true _47'

of - aquatlc llfe forms, as well A

to an agrlcul ural area would be of 75@ most concefn,,because of entry 1nto

I - L
.'.' i ] - AU T

il -[:' In l957 a’ s1gn1frcant release of- radloact1v1tv occurred at Windscale
| C.in England Prompt reactlon by authorltles, prln01pally through the collec—
tlon of contamlnated mllk before-lt reached ‘the publlc, allowed the Medlcal
_ Research Coun01l to- sav that 1t was h;ghlv unllkely that anvone had been .
llharmed. (The Wlndscale fa01llty acc1dent occurred w1th an unshielded’ pro-

" ductlon reactor - a condltlon whlch does not exrst 1n ccnnerc1al facllltles )
’ The Yankee Atomlc nuclear power plant: at Rowe, Massachusetts, has dbelated

};ﬁ;, s1nce l96l Wlth no damage to flora and fauna. Extensive tests have been
' done and veterlnarlans ln the area have‘been on the alert for any : reactlon 1n
- . . . . ~ . . . R __t)‘, . -
anlmals. S L. o -;V Lo L -
L Waste Dlsposal . LR e . D .p-;/_‘«'

- LS

. ? Nuclear fuel 1s not a s1gn1flcant radlatlon hazard until 1t«has been e
“ used 1n a reactor. Currently, fuel rods are, stored at the reactor'51te afEer_
| . use. Orlglnally, reprocess1ng plants were to separate tﬂe plutonlum and
uranlum from the spent fuel- rods, shlpblng the flSSlon products to waste de— |
pos1tor1es and returnlng the uranlum to. thg reflnery to be prepared for', -
'use aga;n in fuel rods. iReprocess1ng plants planned to receive orlglnal : T“
shlpments fram utllrtles in’ l983 R S '

Le

.. z’;.':;iﬁ T _ o - e i 3 E
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Slnce the late 70's, however, reprocessrng has not been cons1dered -an

<
..
—

optlon in thlS countrg& and - the utllltleS continue to store spent fuel

i‘?' ) rods 1n,water baths at the reactor site. Radloactlve decav continues durlng
- @tfﬁs t:me ; ' '
V S Several reasons, both polltlcal and economlc, have contrlbuted to the
. & deC1s1on not tp reprocess spent fuel. rods The polltlcal reasons 1nclude
. fear of prollferatlon to non—nuclear countrles of the abllltV “to make

nuclegr weapons and the chance that terrorlsts may try to obtaln the ‘material
for blackmall or other ‘reasons.’ The econamnic reasons 1nclude an estimate,.
'by the Nuclear Regulatory Commlss1on, that the cost of bulldlng and operating -
ﬁthe reprocess1ng plants would be so- hlgh ghat fuel cost savings. to power

3? users would be in the range of lﬁ. Of}eourse, uranlum is a finite substance,

3 H’

Lo

T#

ahd as supplies of. uranlum become less’ avallable, the economlc need for
rePrOCGSSmg will become greater. e -

Other solid waste materlals (protectlve clothlng, tools, equlpment,

"plplng, etc ) are shlpped to repos1gor1es.‘ They are put 1nto "plastlc

-whlch have net rlgld spec1flcatlons.

sacks, then 1nto steel, drums then sealed for shlpment 1n steel contalners

o

Tests of these. contalners have been dev1sed to 1nsure that no radlatlon

could escape if there were' a truck or traln.aCC1dent during shlpment Tests

have . 1ncluded dropplng the container 30 feet to a hard surface exoosure .

:d: to 1475O flre for 30. mlnutes, total 1mmers1on for at 1east 8 hours, and, - atop

A

Lok

- a rallroad flatcar, rammlnq 1nto a concrete wall at 80 mph

There have been ho 1njur1es -or deaths due.to the radloactlve materlals
belng tranSported There have been some driver 1n3ur1es or deaths in -

aCC1dents 1nvolv1ng trucks carrylng nuclear materlals, but there was no re—f

lease of %%?tamlnated materlals 1n these casesv . ' . ‘t ' . .

Any damage which might occur dUrlng shlpment is covered under the pro—

BN

v1s1ons of the 1ce—Anderson Act.av°v‘
°The flxatlon of Fission b?;products in"a pyrex—type glass has been
known for ten-: years» ‘but recent research hac shown that at temperatures

above 300O C same flss10n products escape.» Curyent research is, under ‘way to

develop crystalilne mlneral forms that haye: geomeErlc structures’ compatable -
. with the crvstal structure ‘of the fission products themselves‘%aln that way,

the flss10n products and the host matrix w}ll be more flrnﬂv bonded and |

N tHe escape l;kellhood reduced or it 1s hoped that escape w1ll be elunlnated

. - g [ . o ‘75“ . . '« fi
A o - . - . ES . .. - "
. - . . L . ) < A X
LI ’ &N ~
'
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The use of glass—sealed flSSlOn products for low—potentlal space -

-heatlng,as 1nd1cated in the section on Fission Products in the Technology

} Unlt, would tend to keep the temperature of such unlts well below the

300° ¢ level.. L
AN L T
R EFFECTS OF:RmmnaPLANTs
L : T 5. IN GENERAL,
Introduction -

~ .
¥

" With a burgeonlng populatlon and lncrea51ng 1ndustr1allzatlon, the

‘world s decisions about energy productlon are becaming more and nore
'cr1t1cal An important ‘but little understood facet of energy. produc—'

. tion is 1ts effect on the world s cllmate and env1ronment This materlal

Cwall cons1der scme’ problems whlch occur w1th other energy sources, as

well as the 1mpact of nuclear power plants on the environment: The sub- -
ject is sc vast that no workshop format can adequately -cover the materlal

. We hope ‘the workshop-garticivant will gain -a- reallzatlon that there are
- no sample answers, to the energy dilemma.

. S . o .

‘¥

"Fossﬂ Fuels = - co o Lo e

Over 97% of the 1ndustr1allzed world S. energy demand 1s sat1sf1ed

,by the burnlng of. fossil fuels. It has been estlnated that, even with o
‘conversion to alternate sources, use of fossil fuels w1ll double by the.

’vyear 2000. . o S I

e
a,

Fossil fuels emit sulfur ledee and ox1des of’nltrogen Wthh are

carrled 4n the air- for 1-4 days, drlftlng 150- 1000 miles. - Eventually, the
- pollutants fall tq earth agaln as: acid rain. - SR

Acld .rain pollutes~water and reduces flSh capac1tv ‘to. reproduce,

. resultlng in smaller and older populatlons which' flnally dlsappear Hun—ﬁ'

' ;dreds of lakes in the Adlrondacks are no %onger able to. sustaln trout

pODulatlons

. . ‘ o
In human habltats, effects of acid rain are observable Two town

IWater systems near the Adlrondacks have lead levels 5 tlnes the EPA maxi- |

mum, because acid rain water leaches lead from the | solder of munlclpal water--

,plpeS - -:':l. . .

Scrubbers could*eliminate'as much as'97 of the offendlng materlal :
Estlmates have been made that, even if 1ndustry were to begln a orogram :

]

1tomorrow of serlously address1ng the problem, it would take 15 years td re-
, ﬁduce the pollutlon to present levels, because pollution by . coal is in-

crea51ng more: rapldly than scrubbers can be 1nstalled T o

o L : ‘ . ’ . v .
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For many sc1entlsts, the 1ncreased amounts of carbon dlox1de ln the
:h atmosohere is a greater concern SlleV Dut, carbon dioxide slagws down'
"lthe radlatlon of heat from the earth s surface into space. This has ,
became popularly Jnown as the “greenhouse effecE" Mkmnung of the atmosphere
could result in sh1fts.of agrlcultural zones, less sea- ice, a. hlgher sea
-level -shifts of marine: ecosystems, and a flux of carbon dlox1de from: the ;“
'_ocean to the atmosphere (thus aggravatlng the srtuatlon) i

Radloactlve Release - Coal
R Coal contains materials such as potassrum, thorlum, and uraniunm, whlch
‘are radioactive. A 1000-mi (mega Watt*; million Watts) coal—flred plant _
burnlng ‘10,000 tons of coal per day, releases about 100 1lbs. of radloactlve ~f
materlal per day Whlle most of this is contalned in unburned partlculatesf
and ash some is released as gas into the atmosphere ' The result is that
many coal—flred plants. release more radloact1v1tv than nuclear plants
" These amounts are Stlll below proscrrbed radlatlon levels and. no environ-
.nental damage has been detected Currently, no efforts are belng made to

control such releases. ' SR o " . s

Synthetlc Fuels
‘ Synthetlc -fuel research has increased greatly in the last few years.
| Technlques 1nclude coal ga51f1catlon* and coal llqu1f1catlon._‘
, "The most serious problem for - large scale conversion of coal to synthetlc h
ﬂffuels is the need for water, bonh for coollng -and as a raw material. This -
is 1ntensrf1ed because nost of the- coal to be used. is located 1n dry western ,v'
'i'states ‘ ' R
" Since the agrlculture of thlS region- requlres water for 1rr1gatlon and AT
'some of the fastest grow1ng c1t1es in the country are also in thlS area, B
the competltlon for water 1s already severe. A new comnetltor, in the form -
qf new energy 1ndustr1es, w1ll clash w1th these other water users. The ,
rpOlltlcal and econamic consequences are obv1ous.< ’ ” |

» " BAn example of the polltlcal consequences whlch may be exoected occurred

N ,1n January, l980 when Senator Church of Idaho lntroduced leglslatlon to

o stop the EPA from studylng the pOSSlblllt%éOf dlvertlng water from the ,

o Nbrthwest to the Southwest ;”;;- s J\ ' - :

i g. Large amounts of SOlld waste would remaln, whlch may be returned to the
mlnlng site,; and there would Qg srgnlflcant air pollutlon requlrlng scrubbers
for partlculates -and- 802 Another srgnlflcant problem, env1ronmentally and

/ {?economlcally, 1s the lack of water 1n the western states to reclalm the land

after strlp mlnlng SRR . - IO
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'solar - S HE o |
Huge amounts -of land would be requlred for large scale generatlon of o

electr1c1ty from the sun. Estimates of the land needed to generate the
amount of electr1c1ty to be produced by ex1st1ng and proposed nuclear power

plants in the year~2000 are for an area the size. of West Virglnla - Of
-course, part of the solution would be to use the tops of bu1ldlngs, but
large land areas will Stlll be requlred '
' Collectlng panels w1ll affect surface absorption and evaporatlon, ,
temperature and wind pattern, whether that 1nfluence will be benef1c1al
- or harmful is- an unknown Another unknown is the cost to the environ-
ment of productlon of . 5111con in" the amounts needed.: S - :
' Other env1ronmental problems to be solved 1nclude the effects of s1llcate
%'partlcles, sulfur and arsenlc on the atmosphere "If heat transfer solar
units are used, ‘miles of tubing comtaining freon, lquld metal, ethylene
‘ glycol, or other. med1um.w1ll be needed The danger of a splll mmst be
reckoned ‘with.

- Note Added in Proof._ ‘

,‘ A recent publlcatlon of the Electrlc Power Research Instltute (EPRI

- Journal for June, 1980, P. O. Box 10412, Palo Alto,. Callfornla, 94303)
'contalns an updated account of what happened at Three Mlle Island - To
':quote frcm that’ artlcle, ] '

“There is a press1ng need .to update earller accounts that were often

c ;fspotty, ihaccurate, or 1ncomplete In thlS issue, the EPRT Journal takes

a comprehens1ve look at the aCC1dent,
It is- strongly recommended that a copy of this publlcatlon be placed
.'fln every publlc llbrary, to the end that the publlc nught avall themselves

of a factual account of that 1nc1dent

a8
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- crmizen EDUCATIOh\o;\ﬁﬁbbgéR g
N j}%np . TECHNOLOGY . - o
' III - bOCIOLOGICAltUNIT

adventurous souls w1th a h1gh
tolerance for amblgulty

Maloohn S. Knowles . ' '
The Nbdern Practice of Adult Educatlon :

INTRODUCTION - L s PR )

The Socrological Unltfconsiders four aébgaﬁé of the impact of nuclear.‘“
: power on'a-commnity. o - o '
©.Cammunity attitudes are approached bv means of questlonnarres and the
hattendanu analyses Communlty preparedness deals with the ablllty of the
communlty to‘handle demographlc changes resultlng from @he constructlon and

:operatlon of a nuclear power plant The dlsaster aspect of preparedness is

1ntegrated w1th the local Civil Defense agency A cammunity educatlon pro— ” Sl

"-_gram is descrlbed for use of workshop partlc1pants Crnnmnlty use of energy

; ':analyzes the result of replac1ng fo:s1l fuels w1th nuclear eﬁergy in the. genera-
g ,Lyf“tlon*of,electILC1ty R ' '

CIE@HJNITY ATTITUDES o
Publlc attltudes are forned by a- varlety of forces: early tralnlng

and upbrlnglng, peer pressures, publlc and prlvate educatlonAl exposures,

personal 1nvolvement, and a vast array of sources known collectlvely as the
| “mass media." Thus, it 1s of interest to discover not. s1mply what the att1-1h~-
tudes are, but in addltlon, the orlgln of those attltudes Slnce the part1c1pants
:of thlS workshop cannot be expected to- have elther the time or the lncllnatlon -
‘f_to conduct an adequate commun1ty—w1de survey, the questlon of att1tudes w1ll
- be conflned to ‘the workshop members Questlonnalres des1gned to’ asseSS\thelr
. ) current oplnlons wlll be used o ' X
" Procedures o :‘l ‘;-1- ' R 7 ﬁ ' ,-'
' The éurrent attltudes of the workshop part1C1pants are asséésed by neans
- of questlonnalres One 1s to be filled out at the beglnnlng of the course,
and another at its oompletlon ' The results then serve the dualqurpose of ,
assess1ng the attltudes of ‘the participants and of evaluatlng the effectlveness :_»?ﬁ

‘of the course material. The nitial questlonnalre is ‘given in Appendlx S—l




_ You w1ll flnd a number on the 1ns1de bf the cover of vour text. ThlS
_number is to be used when answerlng the questlons<m1&x¢h pre- and DOSt—
,. questlonnalresz Thls_procedure ‘has been adopted to permit a pre- and postF. :
- evaluation'of attitudes while keeoing'the identityfof the respondents
" anonymous. ' u : o o

Dec1s1onswconcern1nq the develooment of alternatlve energv sources

"1nvolve an evaluatlon of the relatlve rrshs; ‘The role of rlsk in such de—
vc1s1ons is therefore of~1nterest as one factor contrlbutlng to the formatlon o
_of"communltv attltudes.T .The - Rlsk Game has‘been devised to evaluate thlS _
factor. The game w1ll be conducted by the lnstructor. (See Appendlx S@Z);

' S ' COMMUNTTY PREPAREDNESS _ : h
Soc1al Readlness refers to the abllltV of a connmnltv to cope with -

s1tuatlons resultlnhffrcmvlarge and/or sudden changes 1n oopulatlon, avall_

-jablllty and dlstrlbutlon of houslng, adequacy of schools, demands on enter—~

"talnment ‘and recreatlonal fa01 es, crlme control alteratlon in trafflc s

oatterns, and changes in. cultural patterns. All of those areas have thelr
attendant fiscal effects, hou51ng shortages bush up ﬁtlces, the need for: - :

‘ addltlonal crlme control fac1llt1es and more: educatlonal facilities- requlrés
o7 'the soendlng of addltlonal publlc funds :
' All: these problems are aqgravated By the ‘time ‘scale 1nvolved During
_ | of Dobulatlon . The inflated popula—'

-A'tlon mlght last as long a;;flve to ten vears (ﬁﬁh full ooeratlon, the labor

_,constructlon er can exnect an 1nflw

5 .
needs%iron and Dooulatlon drons, but not to the orlglnal level The magnltude

,and duratlon of these_chanoes need to be ant1c1nated and orov1s1on made -to

.mlnlmlze ‘the resultlng soclal dlslocatlons

.“Constructlon of a Nuclear Fac1lltv and Its Impact on the Communltyﬁ%\

. ;In the case of Idaho Falls and the surroundlnq area, judgements of
-'imUHCtgﬁ¥C difficult to make. Because the Idaho National Engineering
Laboratorv'has been'in'olace for so long, and because expansion and new
Drograms are occurrlng on a contlnulng baS1s, the s001olog1cal 1mbact has
" becore. constant. Y R L ' ’
_ Fertatnlv, numbers are avallable. Anorox1matelv lO 000 Deoole are - bj ! L e
directly emnloyed by the Department oF Enerqy and its contractors. Multloly '
" this by famllv sl7e and it is easv to see that s1on1f1cant oortlons of Idaho : : ﬁ“

o Falls and surroundlng 1owns.are hcre because of the s1te.

.5
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The effects thlS large group - of peODle have had on the area have
been mixed, though generally regarded as favorable by the community. Em—’
ployees and their familiés' have been active in such areas~as education, civic
aaffalrs, cultural programs, etg. They have also been the’ source -of much of .-S
~ the growth in housrng and camerce in the area’ Wlth all that means. to the
- beholder. , . s ' ’ S _
:' They have not resulted in ‘the boom town syndrome, because of the’ con—
‘stancy of the Site programs ThlS makes the . ldaho Falls c1rcumstance verV

sdlfferent from that of a town constructlng a commerc1al nuclear power Dlant. I

Energy Boom Towns

In 1976 John Gllnbre, of th:f:nlvers1ty of Denver' conducted a study
e (7)

I of the 1mpact of energy resource’develonment on Western towns Western

"towns are unlque because of the dlstances which separate concentratlons of
' jDODulatlon. These dlstances force a town to. rely on its own resources dur- ‘a

4 .

-ing a boom perlod , . - . 5
. HlS study cons1dered primarily’ those,towns Wthh would experlence »
-:a rapid surge 1n populatlon, but which would retain that 1ncreased popula— ;}ff
i tion for a long perlod of tlne For example, a town could be the source of
a large—scale coal mlnlng operatlon and a lOOO Rl coal—flred generatlng

5gf olant. In the case of a nuclear plant, the 1ncrease in populatlon is generally :

‘Igonly durlng the constructlon perlod (a mlnlmum of 10 years).f In some ways, - A

this "long—term—but—temporary" may even aggravate the problems found in the
_Gllmmre study;, e - ' - s
He. found that boom towns, experience breakdowns in the‘labor market,
' houslng, flnanc1ng of public facilities; that educatlon and health serv1ces
- and hous1ng lagged far behind’ the demand. Mental heafih CllnlC caseloads
increased, partlcularly due to problems of trai er bound wives of newTy
arrived workers. Within the establlshed populagio
1nclud1ng a trlpllng of thg hlgh school.drop—out rate and ‘increased employee

1, there. are also problems,

1turnover rate in ex1stlng 1ndustry . . S .
Glhnore “identified four phases of attltude among local elected offlelals .
gand much of the publlc in the beglnnlng, enthus1asm -.as they ant1c1pate
the - economic growth in- thelr communlty, next, uncertalnty - as they consrder'
the demands that w1ll be made on ex1st1ng publlc serV1ces, then, near. _panic —.
'Q%é as they reallze the gap between DIOSDeCthe revenues ‘and prospectlve expendl— ,:

v tures, flnally, problem solv1ng The more’ 1nformatlon about the problems and

;changes to be expected ‘and the earller that 1nformatlon is avallabLe the

@ ' 'sooner the last phase occurs.
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Many people wlll be lnterested.ln the dec1s1ons the town makes,;‘ 4
1nclud1ng lndustry, land speculators, ‘the medla, consultants, researchers,-"4 R
: and state and federal agenc1es. Beéaase of the temporary nature of - the .'TF.Q g

bl

fconstructlon phase,- prlvate lnvesbgﬁsimgy be reluctant.to 1nvest in hous1ng,

ctnnerc1al bu;ldlngs, etc.‘ For the samg reason,qlocal government may be

f?#él. ] ’

'_unwllllng to, flnance schools roads ”aad other public facllltles.' _ e
A The town officials and the IeSlden%S must be willing to deal w1th fffl”"'
3

b

A :
J'the problems and control the responses 1f thev are to be’ resOlved Gllmore B

: 1dent1f1ed a number of tOOls whlch the communlty may employ. S t,.fv."
S N Holdlng down qulC 1nVestment through leglslatlve contrOl

' y‘_Of plant Sites 'v ;, 4 S 4'4)>m." L _
\ VR Requlrement of orr smte lnvestnent by 1ncomlng lndustry
Tente to-aseure provlslon of ba51c~serv1ces '

3. .Sub31dles +0o- communltles, just as the 1ndustry may be
p : '-',SubS.-.dlzed

-,(

RS

u .
B K ’ ’ " [ S

e

o 5.--Use of federal lands for temporary hous1ng

& ¥ *61',Preference in hlrang to area re31dents, 1nclud1ng tralnlng BRI
o and retralnlng programs : : S

;;f" 7. Early identlflcation of . community priorities'ln terms of.
o © Housing, health: ‘services, road and street malntenance,
sanltatlon serv1ces, schools and shopplng

Government Programs

2 —'=_>

- @.'; A program to a331st energy boom towns through the. Economlc Development
Admlnlstratlon was proposed but never enacted. . There 1Q a Farm que Pro— '
;' gram for coal mlnlng/power generatlon 1mpactsq~l.-'

(-

Conclus1on : S R R

. o Any town fac1ng the problems of rapld growth must reallze the 1nk

4 portance of recognizing and deallng w1th those problems early Wbrnlng
‘with. the incoming lndustry, settlng Drlorltles ‘and maklng decisions openly
"can cushion the 1mpacts.¢ . The roles of elected offlc1als, the medla,
and the general publlc are . all nnportant. : T .

~ 'The pr1nc1ple lmpact of the operatlng nuclear power plant 1s ‘n the ;

area of local governnent flnance, 'since the, fac1lltv DleS up large shares ,i

. of a localltles tax burden (See_Economlc Unltaf Tax-structure.)
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" .__'DlSA_STER. READINESS

e . B . - . "'v_,

Ay

The state’ of readlness of a connmnlty in the ‘event Of a'catastrophlc iip;.ff
.goccurrence is charged £o the local ClVIl Defense Dlrector. Thls Offlcer im.,
is respons1ble, ‘undér Federal: Law, for the Dreparatlon of plans, tralnlng f
of personnel, conduct of drllls, and coordlnatlon of acthitles in- the ‘4,4 i
event of a dlsaster The local Civil Defense Director is, a: county off1c1al_f{
: and his act1v1t1es are: coordlnated by a Staté Civil Defense Coordlnator ,;_& )
" The’ format of a clv1l defense plan 1is’ specrfled by the Federal ClVll'i;;;p“.v;
Defense Gulde and consists.of: a basic plan and a series of annexes that’ - e

'apply toa varlety of eventualltles. flre, flood, civil commotion, etc..ﬁgu

g- ;Generallzed categorles contalned in the delc plan :8) are: = “"if;~; B j73;
:? . ‘ . . '.‘ S v .; Authorlty ' - ;; <
_— L s Sltuatlon and. Assumptlons ? o
A L. Pollcy f,v.i' Cot | ,:;;{ff .
jll' : v. )Organlzatron and Respons1blllt1es - o 'ifkv;g;;] '
’ .Vﬁ. Operatlons4 - 3, ‘ S ‘. :

K VII. 'Dlrectlon and ‘Control -
| VIIL. Communications : B
'~in addltlon to these generallzed categorles, each local plan contalns T
a llSt of spec1f1c 1nd1V1duals w1th thelr ass1gned functlon and w1th ' ;{f'“hd
L addre3ses anc telephone nurbers where they can be reached in an emergency
The plan must, therefore, be contlnually up—dated o account for personnel
changes.v - ,
e A surmary of the content ot each of the Categorles in the basrc plan
htvfls given in Appendix S—3 - A reccnnended addendum to the, basic plan for
handllng a nuclear 1nc1dent from whatever source is 1ncluded A consplcuous
feature of this: addltlon is the creation of a Radlologlcal Defense Offlcer
.w1th ‘broad: authorlty and respons1b1l1t1es in the’ matter of radlatlon detectlon
and control ' ' ' | | ' '

COMMUNITY EDUCATION . ©° .. . = . -

A survey of a randomly selected group .of Idahu Ealls res1dents, tO*

R

*gether with a survey of hlgh school students and a spot check of parts of

Idaho and elsewhere,'lndlcate that the general Dubllc lsgnot adequatelv 1n—h ’

formed on nuclear energy. S B S _' -

55 ..I
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.'hfg“v | Furthermore, a ma]orlty of the respondents agreed that thelr 1nformation
: E”'was 1ncomplete.,', sunmary of the suryey results is glven 1n Appendlx S—4

; fe_Only through ‘a prodgam ofCConnmnlty Educatlon can thlS condltlon be corrected i
o The CENT workshops are one. means for prOV1dlng people w1th 1nformatlon 1 N .
h'essentlal to 1ntelllgent dec131ons 1n nuclear energy matters. Unfortunately,. o
'<practlcal con31deratlons llmlt the number of people that can be reached by o
_;;}{f’thls nethod : It is 1mportant, therefore, that’ the flIStFtlme thls program 1s
T presented in'a connmnlty, the workshop partlc;pants be selected from among the
'f;gﬂnoet lnfluentlal c1tlzens ' mayors, counc1lmen news medla personnel schooL
® : ) fflteachers and admm,strators, and prommént~ busmessmen These people, be—

‘icause of thelr D031tlpn% in the communlty, have . excellent opportunltles for'
3paSSlng on the 1nformatlon acqulred 1n the course ‘of- thlS program
The materlal contalned in thlS curr:culum was: presented in a pllot ‘ .
L workshop Flve tWCrto—three hour se551ons were conducted on five succe531§e"' ol
nghursdays over a five—week perlod This procedure is cumbensome, however, and

f'does not reach a large audlence. LIt 1s reconnended therefo*e, that in-

«structors of such a flve—sessron proqram use thls materlal to produce one—hour
.programs for. presentatlon to- serv1ce clubs, school® assemblles, ClVll defense

meetlngs, and 31mllar civil groups. Appendlx S- 5 llsts alternatlve format

i for presentlng thlS materral -in dlfferent 51tuatlons. TwWo flve—se531on formats S

o

"are ahown - one as descrlbed above.and a second for a one—week short—course‘* N

‘#”fhfi-type. such as mlght be used in a college or un1Ver51ty summerscourse settlng *fff

'*dThe thlrd fornat lists hlghllghts fram the student' s text that mlght be used;
3:fﬂ“f_ln a one—hour presentatlon._ij‘ffrw',““'f.,.L*f.' o '

.

L - -7

i e R e




o . l' Y
5! . R
. o . S e Pe
- J‘ T' '&’;‘
R T L oy, el Siems
4 S SR .g-,,-q,- .

. The effect"of the J_ntenswe development of nuclear sourt:es of energy
p ,fon tHe* eoonomy is dlrectly the result of, tg cullar nature of the nuclear '
' Source. A recent study of” the nature of alternatlve energy sources( ). —‘, . \ ":
o class1f1ed them accordmg to eﬁergy—denswles and mObllltY i[‘he L}ses of s
" "non—l'nman sources of energy ‘may be classlflegl as folﬂ.@ws~ ﬂfood nroduc- <
ot tJ.on, transportatlon of materlals and personnel i shelter \hous—J_ng ¥ heat, s
R and llght) , and recreatlonal _The. appllcatz.on of fuclear energy to these .uses ’ 9 _'
: 4'then is’ oondltloned by the fact that 1t is.a hlgh—den51ty, 1mmoo11e source Lo
The apollcatlon of nuclear energy to all of the “above uses “s the :

result of the fact that 1t is ‘used solely to produoerelectrlclty |
o g'row anythJ_ng, 1t does not dlrect:ly J_nduce themical- reaCtlons, it cannot, :
i , except *‘ﬁhrough the agency of electr1c1ty, transport anythmg from place to -

‘ » plas:e and 1t cannot “bulld a; house, aga:Ln, exé“ent t'hrough the agency ®f ' :
electrlcrty - Thus ,#th(e mpact of nuclear energy musx. be consrdered m%thls

. ~ con‘bext ¢ L v ,,'-. v' ,;." g P .5 ._.,..‘.. i ) . ,'-’:
‘ Alternata.ve Soqrces » S S AT “j, ST 3 A _=,

_ ‘I'hé large—-scale use of nuclear energv for the generatlon pf electrunty
- :releases other\sburces for alternatlve uses. It 1S *wasteful to use 01l and
: gas for gene.ratJ_ng elec:t:rlclty and spaoe heatang. ’I‘hese should be usea for
‘_‘llother appllcatlons for whlch electrlclty w1ll not serve For example , -
L plastlcs, pest1c1desv synthetlc fabrlcs pharmaceutlca‘ls, recreatlonal
- | 1tems, and. buJ.ldJ.ng mater1a~ls use. 011, gas, and coaI ‘these latter should
“’* not bert burned for fuel.’ - SR a,f' LR
| _ .' _' "It has been estunated( ‘)that 2. 5% of all electr1crtY generated J_n _
the Unlted States from fosml fuels.’ was used by aquculture, In l9'70 only

VI

(”‘)

v

: 0. 3%:of the total energy used by transportatlon ~was squlled by . electrlclty . i

7 The flgures for these, ‘plus res1dent3.al,, oommercj_al, and mdustrgk{;_ uses are
e shown ‘in Table III—-l,_-" The same: rgference lJ,sts coal, oll . and gas -as the '; ; ;

e 'alternatlves to electrrcrty as energy sources in these areas

JRR L -"s,_vp. il . A o N : '. ‘ . “1 . :
S AT WEABLE TTIS1 . 0 e T e
s ETRC ADDllcatlons of °Electr1,c1ty( : : : ,
R _"'Agrlcmlture AR Lo 253 0fULS. Elect,r1c1ty (1975) :
.y.7 . Tramsportation .. . .. o e _,_a ('__)‘.53% of Transportatlon Energ}- (1970)
R :Res1dent1al R T 11 of Resideritial Energy Use (1970)
- Camercial . R "',f R 29748 of Commerc;.al Energy’ Use (1970) ;
‘o IndUptrial | o . .2203% of .Lndl;lstrlal En’ergy Use~ (19743
Y B ° :w B .o )
N - R o"\’ 3 ° . . s “ b
v :'. . L v , ‘ ‘,_‘",_'.T Lo
. ‘.4 P s . “) ,; )
s k,/ Q . * » c 24
! r-'—1'.’ S '!Q:




o . : T - L h w e 3- ’3&“ '
K D T e : : X :
:;;; Agrlcuiture Us§s T :‘:;”_” S '., R "ﬁ_;vw-w'nw ur
B ‘__itfj It has. been estlmated(4)that about 16 Ss of the “total” enerqgy con?{;i?;i
q”*; sumptlon in the United States is. used 1n food productlon. ThlS 16 5% was LR
o attrlbuteq tp éroductlog, manufacturlng, dlStIlbutlon, ‘and? process1ng, '_Jﬁtﬁ' ;
productlon 1ncludes kabor, machlnerv, fertlllzers pest1c1des, andQ%uei ::%&
S " of the' total energy lnput ‘direct electrlclry Usage conétltutes about 5% T 7_‘s
E @f the total CertalnEQ, there is a hloden electrlclty usage in*the j. f‘_" :-'flfl

productron of fertlllzers and»peé%fc1d§s among other thlngs._ As- far as .
s agflculture as concerned however, 1t’makes llttle dlfférence hownthe

K

“if electrlClty 1s generated unles§¢ of urse, #he" means for that generatlon

TR

15 depleted ThlS 1s the 1mportance of nuclear power the development of ;
5

| nuclear POWEI can assure the CQntlﬁued,suley so necessary to an assured food
. supply B *.”' A ,rf ,f.f~v o t" ' ' o
;'& £ o ST .._ C i ES ” ',/‘ o '"-.“» —3 ' " -
Transportatlon Uses . '73’" S T g,'f:-' ‘ : .‘ . . . .,i}«‘,.rﬁk L 2 m | .

&fts lmmoblllty, for thé foré— _
f;_seeable future, thatﬂis.. A techmology is known, but not. commercrally de— _\ﬁyégl»
veloped whereby hydrogen is produded by the electrolys1s of water Hydro— fk

Nuclear energy 1s of 11ttle value because o

~ gen- is then stored 1n nétal hydrldes and wuthdﬁhwn as: needed in.an 1nternal f;”?'T
combustlon eng1ne (llke 1n automoblles) for«moblle uses._'.-l- ~Tf o ;y@%;%;
Other Uses R _ ST L S

'",T":' 'Slmllar connen;s can be made fér the other uses of electr1C1ty._ res1¥ ?l
o dentlal commerclal. and 1ndustr1al Althougﬁ dlrect use ranges*between f» f,{f"
©258and 303, there are hidden uses’in’some’of the camponents of these 1tems o
,aé’h:'*Conclu51ons | :;'? ~¢;?‘ L """]. S éjﬁ' ‘ ;' - . SR ﬁ,j :
BRI The above analys1s emphas1zes the fact that the generatlon of electr1C1ty ~
| ..fby whatever mEans 1s cruclal to the entlre economy sSo cruc1al, 1n fact o i i,;‘b

that elec€%1c1ty has come o be regarded by many as-an. energy source, whereas 7

" an fact ft is onl a convenlent means for mov1ng energy from one place to ¢
C - v "» B
'lanothgr - “from tg% Dlace the energy is found to the place where 1t is to be

.;:used Cheapejﬂways ex1st for transoortlng energy,s )

but they lack the conb
_:Venlence of electrlclty. It 1s bossrble that the greater convenlence may be S
_worth the dlfference in cost but that 1s a subjectlve judgement not readlly :'y{_;-:

'subject to exact analys1s.
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) + ?2 'I‘hus, the use: of nuclear energy to broduoe electrlcn.tv affects prlmarlly

tfk of%r sources, - namely ‘the fOSS.'Ll fuels, oil, gas; and coal. The Energy
Tax ACE! of 1978(6)encourages the replac!ament of oil and gas* by coa‘l in :
electnolty generatlng plants. These shJ_fts in the. kJ_nd of usage of these «
o sources @nd/or thelr replacen'ent by nuclear epergy can have profound effects "
on the nature and areaI dlstrlbum10n ‘of the jOb market For’ example, the

Yeme case of the entire replacement of the gasollne engme by a hydrogen oo
@ng;_ne as suggested above, would completely dlszrupt the whole Oll reflnlngﬂ

o and marketlng system Such an eventual;:.ty is not very llkely at present ’

S but it suggests a DOSSJ.blllty that might be cens:Ldered The soc:Lal dJ.srup— .

| -tlon that mght result .'LS dJ.ffJ.cult to J.r'laglne ‘ ' I i
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P - APPENDIX S-1 ~ . . . P
L o R Ty
N véCItlzen Education on Nuclear Technology (CENT)

ThlS questlonnalre 1s not a test. Its purpose is to evaluate the oplnlon ,
. climate regardless of how those oplnlons may have been formed. The goal -
- i$ not only to find out what - those opinions are, but also tg find out the
_.source of the information that formed the basis for those oplnlons.' The -
: subject matter of this course’ then w1ll provrde facrual 1nformat10n derlved :
fram authorltatlve sources. : : :

<

. e

Age Bracket IR o . Educatlonal Level

LB tinder 20 - ’ e Grade School
20 - 40 . i €@ High ‘School
_ n40 - 60 S - College or UnlverS1ty
A —_over 60 f - B _ Post Graduate -

1L Do.you belleve the censtruction of nuclear power plants should be:

abandoned e

. “continued at the present rate .

‘continued in preference to fossil-fueled plants :

. continued only if fossil-fueled plants or- other alternative .
- energy sources prove 1nadequate to the country s needs '

HQJO'p-p

20 Do you beligve nuclear power,plants_to be:

S0 a unsafe in.every resgéct. . ..
. " . b.. as safe as most’ industries .’ . T S
' c. completely safe in every respect S '
. .d. a dangerous deV1ce that' can be operated safely by proper
¢ management and ‘traihing of personnel :

W ' Lo ‘
... 3. Do you belleve that further research to lmprove nuolear power safety and.
o _eff1c1ency should be: . . :

Ra . N .
o Ll -

‘ ,,a; abandoned : R .
' - b.- continued but at a reduced rate o
c. continued at the present rate . _ _
4. contlnued at a faster rate = ... - S

4. ‘Under what condltlons WOuld you accept employment ln a nuclear power plant:

« .a. under ne condltlons whatsoever T LR e A
" b. only if the salary and fr"ge beneflts were several times greater
4 .« . than elsewhere e :
. €7 S, .only if no other work were avallable

- d.. 1f the salary and beneflts were equal and it were convenlent as L
' compared w1th other sources or employment :

5,
*~

w2
f




. N L . s
. S - - N . . Tl
< a ) - . SR

- 5. Do: you belleve the contlnued oanstructlon and’ research on nuclear power S
: plants to be: : T S : , : -
“a. disastrous to the env1ronment the economy, and the overall welfare ;
. of the public - :
" b.. no threat to the environment and necessary to the economy and
" welfare of the public '
detrimental to thé environment but necessary to the. natlonal economy
. benef1c1al to the natlonal welfare far in excess of the rlsks 1nvolvedy

o a

6.”aDo you belleve the questlon of nuclear waste dlsposal to be
a. a completely ‘unsolvable. Droblem . ' o ;) A
. .b. solved technically, but used as a polltlcal football e o0
" c. not yet solved, but technicaily solvable : ' ‘
d. solvable, but solutlons hampered by polltlcal cons1deratlons
' *na7;.lff a nuclear power plant were belng bUllt or olanned for your communlty,
~would you ' o .

a. move to another area 1nned1ately : -
b. like to move, but econamically restrained .
‘c. move if convenignt to.do so

- d. never glve it a"second thought '5

[N

"87,_Wh1ch energy alternatlves do you belleve should be developed.most

v1ntens1vely.

a.. foss1l fuels (coal oil, gas) s
b. solar;, wind and related sources

C. hydroelectrlc o , o , , e

- d. nuclear . j‘_A S . R s
€. all of the above - . e A .3‘R\
f. none of the- above ' : S TR s R -

9;_.As regards nuclear power plants_currently in operatlon, do. you bellijf;/’//,rgzs\l
they should be shut down and all faC1llt1es dlsmantled and all”
. *salvagable equapment disposed of. . :
* b. ' they should all be shut down- temporarlly untll safer operatlng ]”1. S
. procedures are developed- : ®
- c. they should be allowed to contlnue operatlon, but better safeguards
e . should be instituted and operator competence upgraded .
v -d. they should be allowed to contlnue operatlng as- before-“‘
o.?‘? ,r‘,.i_,,,r )
10. ’What source of nuclear energy lnformatlon do you cons1der to be the nost_,v :
7 accurate: Y §§ - _ , . L
L

Y . " - : .
.. . .a. rnews mediar}é%wspapers, magazrnes, Iadlo, TV) CL L e _
’ b. ’goverpmenta ‘reports: - e L e S
- ' - C. .consumer organlzatlons - Nader, Sierra Club, etc L o ' o
) ' d. industry spokesman’- o S A

. e. ‘none of the above o
. f£. all of the dbove




1.

a.
- understandable form
b. the Lnfprmatlon currently avallable to the Dubllc is all 1t needs
. _-to know oo
. s e, the lnformatlon 1s avallable, but some ls\belng/has been Durposely
N ¥, .. withheld o
T, gthe genezal @ubllc doesn' t much caze ;
o2, Wlth respect to the current energy sttuatlon, do you belleve that‘
" .. a. the energy SLtuatlon 1s critical
- b. the energy sitiation’ s serious, but not crltlcai & i
C. the energy situation is somewhat serious ' '
d,',the-energy s1tuatlon 1s not serious
13.. What -1s (are; your sdurce (s) of lnformatlon on nuclear energy:
V(nuxk as. apply/ ff ® -
a. .newspapers and/or news,maga21nes . N
b. radioand ™V . . L -
o C. personal involvement. . T '
. . d. technical journals S :
5 ~e. all of the above . . A R
“£." none of the above s ' ' : o
o e _ .
14. " Have you read the report of the Presldent S Commtss10n on the, Three
. Mlle Island lnc1dent~ :
IR Yes
K . v
' ‘No
.15, ~Haye you: read AdmlraL H. G. Rickover's testtmony on the Navy S Nuclear"
Propuls10n Progtanlbefore a congress10nal commlttee>
5¥es< -;a\ o ,
dv". i ? _'..‘ 4 . v Y
| . ' e B
S o
¥ -
) ~ '-qu \
. ‘ : AT P
Qe o _
[ERJ!:(-~ S : 62 s .

Wlth LEaDeCt to nuciear power Wthh s1tuatlon do you belleve is the
current one: o .

the. tnfo:matlon ex;sts, but 1s not. avallable to the publlc in
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The aéthJ.tles people choose togengage m ax;e

con31dered to be of Sunr,ortan"ezto _the :Lndlv;dual Whatever cho-; _‘e
,the ever—present\ e,lement bf r&sk. am

] zithe conaequencee, ehou}:d that event aeftually occur In
g Gaﬂ‘e
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APPENDIX S-3

" Summary of Content of Basic ClVllfDefenseaPlan; i_ﬁ

- I, gAuthorlty -,:

" County Civil Defense organlzatlons operate under the authorlty of the
-Federal Civil Defense Act of 1950, as amended, 50 USC App. Sec. 2251-2297.
:;Addltlonal authorlty pertains to. the requlrements of the various. state ﬁ
codes, the county actlons, and c1ty—county agreenents .

) _»-I$'\ Sltuatlon and Assumptlons

In the ba51c plan, the acsumptlone deal with the poss1ble sources of an .
emergency. The participants of the workshop should determine that a
bona fide nuclear incident fs lncluded in the ba51c plan for thelr
_ conmunlty _
, , ) \ .
- The. s1tuation describes 1n a. general way, the populatlon magnltude and
distribution, facilities avallable, and actions that can be taken in
~ an emergency. Reference is mad§ to legally constlﬁuted ‘authorities

~ and ex1sting defense readiness p ans at the state and local levels

- IIL. Purpose

'f _ "A. standard phraseology 1s ". Lto prov1de for the maxrmum.protectlon

of life . property and. .to prevent mlnlmlze, repalr, and recover from o
vinjuryj damage caused by .a disaster.’ :

Consists of a statemenf of the respons1blllt1es ‘of the c1ty and county -
elected officers. ot government Supplementary use of tralned aux1llar1es
is authorlzed . : CL ST )

.V;»’Organlzatlon and éegponslbllltles .

'Whereas the responClbllltles descrlbed under IV—Pollcy above were general
in nature, this section spells out specific. dutles The follow1ng
off1c1als are mentloned speclflcally. e . o

County Comm1=s1oners L
‘Mayor ' R

. R .Caval Defen:e Counc1l o

R R ?_ }ClVll Defense Coordlnator,‘ S

g,jf_'ﬁ 'The dutles of the follow1ng services are also. spelled out.

‘ ~Flre Service : o o
' Law Enforcement -Service . -~ . >z
- Health Service L e ‘

. Welfare Service
. _ . , Shelter Service -
o . Public Information Serv1ce

' ' o . Disastér Analysis

Public Works. Service

»

YQ | : c_ﬁ - -:. S o o




An Operatlons Group is establlshed an Emergency Operatlng Center is set
',up, and provrsrons for Mllltary Support are. made :

V.Vl,fpgpgratlons

" This sectlon outllnes in general the procedures to be followed in the
cevent of natural disasters and war-caused disasters. Details of actions !ﬁ
to be taken #n specific cases are spelled out in the separate annexes.

- All of this is the province of the Civil Defense Director and the state,
‘. county, and city-elected officials. Workshop participants should satisy -
themselves that these matters have been;satlsfactorllv accamplished. In.

- other words,"a. functioning Civil Defense organlzatlon should exist. The
. procedure to be followed in the event of a nuclear 1nc1dent is covered

©in an amex’ ‘prepared along the ‘lines dlscussed above.

VII. Dlrectlon and Control

All steps taken to dlrect the activities of dlsaster control ams?
originate at the Emergericy Operating Center. This. section sets up such
. 'an EOC, descrlbes its capabllltles, stafflng,and operatlng procedure.

E ThlS sectlon also prescrlbes the types, content procedures, and agenc1es
maklng reports ; . - o

o

VIII. ,Communlcatlons '1.': Co .

-ThlS section descrlbes and defines all normal and: emergency lines. of
communlcatlon among” thé normal agencies of governnent and between
5emergencv f1eld communlcatlon units and the EOC -

_'Sections'VIlgandeIIf would3apply;-regardless of .the nature of the emergency.%’,

"Suodested’Disaster Plan for Use Durina A Nuclear Incident

)

I. Authorltv

(See Ba51c Plan) . B . :'f.
C xs Dol : C
- IT. .Sltuatlon;

Capabilities

ThlS paragraph should list and deflne the follow1ng 1tems pertalnlng
to the local situation. orkshop oart1c1pants assermble this materlal
“with the coooeratlon of the local ClVll Defense Office _ ‘
. Ty
.‘Radloloalcal survev teams avallable , :
. Location and capacitv of fall-out shelters
. tedical facilities available; :
. Evacuation routes avallable
Emergencv housing - available:
Reserve OOllCe for spec1al dutles

-'nm.bw.‘oi_—{'

'leltlng factors should llSt def1c1encres 1n the 1tems llsted above

\)‘ ) . NS . . . . ~'- ,.,_7“.' . = ‘:. L - ..:’ . .

[



PR 55 9 Puro'ose'” |

J

';:,,w:‘: ‘o : : (See baSlC Dlan)
f;}IV. 'Pollcv o 'f:.
;-fn,3~“ V'A. ‘The conduct of . oreventlve and Drotectlve actlons shall be the

respons1bllltv of soec1ally trained. personnel fully knowledgeable
-of accepted methods of, deallng w1th radloloqlcal Droblems

.t

s«
5

f{é.‘ Recru1tment, tra1n1nq,_ass1qnment and suoervas1on of radlologlcal _
.defense" teams shall be 'the resoons1bllltv of a Radloloqlcal Defense
Offlcer reportlng T, the ClVll Defense Dlrector. . .

. . . .._—‘ . I ' \ i “,..”&., ‘ - .:

V. ‘Organlzatlon and Resp@nslbllltles T - '

'le.: Organlzataon ' '; Vv ;:' l" e R

. 1. The. Radloloqlcal Defense Offlcer,shall orqanlze Radiologlcal
' ‘Deferise Teams. Ex1st1nq unlts of thé Sheriff's office, and. o
~ city and state Dollce orqanlzatlons shall be 1ntegrated 1nto DT
Co such teams. . e - . T -

v

\"eB,u Resoons1blllt1es\

o : “h D
- 1. -The Radlologlcal Defense Offlcer shall have the sole reSDODSlblllty
- . of dec1d1ng, -after a- consultatlon with respons1ble nuclear power .
plant officials and- law enforcement officers, whether to evacuate :
.res1dents, to utilize fallout shelters, or. what'protectlve action .

_to employ in. the best interests of res1dents in the v101n1ty of

.the affected nuclear rower Dlant. . ‘.j S RS

- La, enforcement off1c1als shall be.respons1ble for the usual
(tters. falllng within their jurisdiction-under normal i
ndltlons, as long as.thev do not confllct w1th the radlo— L
: oglcal s1tuatlon. : : -

Local law: enforcement off1c1als, the Radloloqlcal Defense -
; Offlcer, the Civil Defense" Dlrector, and the local city and
. county’ off1c1als shall prepare an evacuatlon plan and a olan
~ for establlshlng, stocklng, and admlnlsterlng fallout shelters.,_,

VI Operatlons

Al Dlsaster Rellef S T -‘f- _5_f.: ‘ - o

: Dlsaster ra llef in the eventlof a nuclear 1nc1dent at a nuclear

_ . power- plant shall be &onducted jointly by the Civil Defense TR
L " Director and the Radiological Defense Offlcer, accordlng to the . e S
. B ‘establz shed plans UL - S h R

. “B. .Pre—disaster Actlvltles o “ if. S o ”;_l f'j_i?%i.
Pre- dlsaster act1v1t1es shall cons1st of oersonnel training sess1ons,‘ "'J,f

assignment of personnel to specific tasks, and test and’ exerc1ses.{
Additional act1v1t1es shall cons1st of detalllng Dlans in the

o Shadmere TR
Q)t (’ ( R '_:’p( 3 ;'_' N




Public warning .

Movement to shelters :
In-shelter adnunlstratlon .
. Evacuation Dlans -
Recovery - - ' : '
R S : . Public: lnformatlon brOcesses before and in 5
a SRR TR the event of an incident. L

T W
. .

Admuustratlon aI']dIDngthS s S

Plans falllng under thJ.s headn.ng are cc@mon to other subjects descrlbed
“in other anneges. Reference should be made to them.

N
o
e

-

p
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N
t
. .
¥ °
. e

o Tl

.‘,1“3.

PAruntext provided oy enic [l




SR !f;ifv: o APPENDIX 4 -_:f“ J;5~..;" 'f'? F, sf??=f.ﬂ,;_ s

LT

NEEDS ASSESSMENT e e
| __ mf L e
. B The needs assessment’ sur@%y;was conducted wrth the aSsrstance and - ug?.
- cooperation of the. Benneville: County District 91 school admlnlstfath@ ‘
. .:and the Boy -Scouts of America’ Teton Peaks Council. - 'Student§'listed in -
© “ithe Advrsory Committees aboveéand a Scout candldate for the Eagle rank d1d
most of the work of - obtalnlng respondents to the questlonnaires The
- various C1ty precrncts were. a551gned and the: students were rnstructed in”
. the procedures. The canvass of the- hrgh school students was conducted by o
'the teachers on the Envrronmental Educatron Advrsory Group AR

Results and Ana;ysrs of aurvey

Results ' co i T e L
,nYJ'*" | fdaho Falls  CGivil Defense ngh el U, s.

13

X Resldents ~~+ - Directors - - Students Spot Check. :

Kl

‘ Number of Respondents Lo 'L72” ‘ ﬁ,< 115'. '_” -.h-i33'
.Percentage Responses (attltudes towaré(Nuclear Energy) ;' '

_(lijUbllC is 1nformed -;}- ‘V‘,.ZL%. frf S ;7%_ , -24%} . ,‘f,{4%
© Publac ot 1nformed LoT9E 93 L 788 o968

75% . 80% . . sas . . 64%

‘fNuclear Power safe ‘ SRR ‘ o
L L I 368

'Nuclear Power not saf-fr*

. :

(3)uwould move

: 21% e e L 27%a . '::-ﬁ; : "14% AR 6.1%
r,Wbuld not move-“

:Beneflts Outwelgh Rigks: .'68%f.‘:%. n 4'86%'*¢f L*L’aanO% o ey
=Benef1ts Do Not Outweloh; .- 28% = %hf co14% 0 L 20& - 754%
e W te Problem Polltlcal' 603 S« 53% }*J:=¢“;,.-59%_-i, 46%
N " Waky te Eroblem Technlcal-: Co33%: . - -,;';' 40% o a3h% g '¢54%'?i5
o (GS'Prefer Alternatlve Sources 48 v i-¢x1 47% . 3{5‘ woo 36% ° ‘edgT L
T Prefer Nuclear o o .52%"';«j SR 33% '?:§ ,~:;&51% . 29%
. ;The 1nd1cated responses are. keyed to the questmon numb&rs 1n the questlonnalre '7 ;
-~ The sensé:of the questions 1s given in abbrev1ated form to avord the nece551ty '

of wrltlng out the questlons verbatim. 5_ o ‘u»' e a‘@';
o ;Percentage Responses (Sources of Informatlon)'rz-jf~97 ﬁ%ﬁ},~yj‘ff,1
.. . (] - B N S S
Loegg a.Idaho-Fallst ' ClVll Defense High Sghool, & Y.
e g ") »‘.Ar,fi-‘Re51dents o . Directers . . Students““ POt

‘{»
(7) Accuracy of Sources -

. . Do e . e - : s T R
. Most Accurate: ¢ - oo TR ,w»ﬁgégv:-;r,; S
. . {a)* News Medla o 28% R ‘ L IsE . 21yt
R (b} Govt'l.. Reports S 17% CooL 208 PR & R £ S
. (C) Consumer Organlza—. S DR o ..-;ﬁg‘gﬁw .
Cwdems . o Ass. Tt 208 0 TTI2% b e43e o
2 (d) Industry Spokesmen 22% o L 27% 0 0 29% o 21%T T,
SRS © *s6e) Nohe of Above 248 ¢ 40% = 29% 14% R

JEe R ,A o . 69‘ 5 .. 1‘




i 1.5

.. Tdaho Falls Civil Defense . High Schicol ;' o, &}
Res1dents ... _Directors” . Students \ Spot Check

- ‘v_'

(8) Preferred Forms of Sources *w Lo TF;. ‘} fnfﬂl”j

©." (@) Random Ttems in Media. ‘249 S S 3% ;_}»:39%£; e
(b) Front Page Items ~  .12% v 0 =~ 7 B Q0 ot e
(c) Serial Articles . 28% .~ . .. .40% - 738% " 612 .
(@) Workshops  ©C 44% . 608 - 45% 57y

(% Rmhcnyonnmmmumums—mi I L e

: . (a) Full, complete accts. 31% - -~ .20% . - 25%° 54 c o
(b) Ignore them . CO9%T . I33% s L e Ty
-(c) Newsworthy Ttems © © . 36% ¢ e 40%° - 27% 0 7 .18% 0 3f,;_
‘(d)ﬂBalanCed Accts. - 27%. . 0138 T 4% - 35% oo

um &mnﬁsU%ﬁkwaQOMQms—7 ‘*"'5' L
- .\ (a);Papers & Magazines - . 71%.° Tl 6T% e B4R T T6%L L
- (b) Radio and TV. * N\ ;.. 73% S TeTs T 19% ) 828 0 e
[P '(c)‘Personal Involvement * 4D T3 ;" 4l '-76%?*3”;5“
. (d) Technlcal Journals L f'40%;“}; o 18% 64%!"‘

“One ClVll Defense Dlrector returned flfty—seven completed questlonnalres from hls
, - area.’ Nothlng is known of his manner of. selectlng ‘respondents;: hence, the repre-: -
" .sentative nature.of the" results s open to questlon. The results are presented
however, for comparlson purposes._n_ L Sl . o T R )

B ' . . R - . N

v’
[

CANYON COUNTY, IDAHO SURVEY','P” L ;'u’ R

L Number of ReSPOndents SS7T U e

ST
- 25%°

. *) Nuclear'Power:
"(gy]Wbuld"nove:»'
- 77 Would not move:

Lo

o s
EU ses.

Benefits Outweigh Risk: =~ - . = . - 753

 ® Benefitsdo not Odaveih: . 188 e

,’3; R
: 15{ Waste: Problem'Polrtrcal :_’f 3 :1_:'.."7ﬁ4% ‘ﬂ'lhf‘““'f' o e T
R . Waste. Problem Technlcal ST Y Lt

.2 . " RE -__“ ‘:...‘ X ".., - ‘,n
Prefer Al@ernatlves o el els
Prefer Nuclear: . = - Ch lﬂ;-“3§%

-
ek
-

.;_(6)

B
i

.- (7 Most Accurate Sources* T e M e
(',:1' (b)Cov't. reports e S SR
.7 (c)Consumer organlzatlons i '-v:25%?___ R L - t;‘r -_,:‘f
« . A{d)Industry spokesmen . 308 T L R, DU A
B (e)None of these .~ - - 33% 0 h o !
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(8) Preferred Forms of Sources A i
o (a), Raridom Ttems in Media - .~

S I R I S
_ (b) Front Page Items <7 - "’4,; 2% R S
NN . (c) Serial Articles . vivio _ 51% ST T T e
i (d) Workéhops S A ’

. . P ¥
P . ) o
oot

(9) Pl_lbllc1ty on Demonstratlons S I o -

(a) "Full, _complete acoount RN -
, . (b) Ignore Them g ) ‘ A el L T
{e) Newsworth Ttems - *-A e PR o tos
o ,' (d) Balanced ?\coounts N
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ANALYSIS L TR |

'ﬂfr

The results J_ndlca.te that an overwhelmlng perceptage of respondents
believe the ‘public ,. 18 not sufflcs_ently informed on nuclear energy o
~ ‘matters. . Even:so, about the “samé *péroentage believe nuclear power to be ag.
. 'least as safe as other industries. .The responses’ to Questlons 3 and ,,4 re-"
. inforce the conclusion J;ndlcated°by ‘the response to Question 2 in th’e three
; local (Idaho Falls. res1dents, G. D. tﬁrectors, and Students,), 1categor1es. The .-
, . small number of respondents in the "Spot Check" gave answers to Questions 3.
’ -and 4 inconsistent withi their answer to’Questien 2. This resultiwould seem -
- to indicate that the _country as a whole is not ‘well-informed, or that the
Spot -Check respondetits did not understand the dquiestigns. . Because gf .the - 1
proximity of :the Idaho National EngJ.neeFJ_ng Laboratory, ‘the local re51dents s :
m:Lght be expected to be better J.nformed than the oountry -as a whole.-. DT

8 -

- ‘The response to Questlon 5 is not .as clear@ cut AS the responses 0 the )
prevmus Questions,. Wthh probably reflects the lack ‘of factual mfomtatlégg

' on the part of most ‘respondents.  The respense to Dilestidf ¢ 65. am.the whole * -
does not show™ any Clear preference for any one alternat;lve energy source.

o
0 o pm e

Questlons 7 through 10 del:.neate the attltudes toward, "and p.referenoes _ ’”"‘
for the- \’farlous mfomatlon sources. - .l o e , e

A. pule.c oplnlon survey about the Black Fox NucleafﬁuElant was cond{.lcted ;
for the Public Service Company of Oklahama, by Central Survey, Inc. , Qf A
Shenandoah Iowa; during the period February 10-17, 1979. The rest ts of .-
that- survey of residents "fairly close to'the site of thié Black Fox Stat.lon"
* were 41% in favek; 21% opposed,- 29% indifferent, and 9% no oplnlon “Same
of theirecom\endatlons made by Central Survey, Inc., age: . - .- ,

R +(a). "~-. ......... the oompany should cons:.der J.ncreasn.ng J.ts l/\ ‘
T A -efforts to give residents- of this area factual informa- -
L ' tion about nuclear _power, and&speCJ.fJ.cally about the ‘
Black Fox." ' R

B L o . v . ,g
M R

Y (b)) M. there seems‘to be@ se‘rio'fls-la(:k of 'infoxjnlatiohﬁdnt é B

[T ) TR

op e . . Ca

: S ) "L, .only the tost:! sophlstlcated (and most J_nterested) .
L e res1dents .of the area thoroughly -read and understand the R
g g conflJ.ct:Lng arguments " < , . L
< ZE i
. GRE could conclude, therefore, frox?t_: the. results of t.hJ.s surv‘éy and that
mde by Central Survey, ‘Inc.,*that, a) ’g.here is a need to m)tivate oommunlty
i res:.dents to hecaite” J_nterested. and b)- that ‘thete’is need to- provide readllyi
= understood factual information®to’ c1tlzee,s faced w1th ’the neceSSJ.ty of :
maklng dec151ons relatJ.ve to nuclear poweJ:. EEE T S :
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T APPENDIX ,$-5
4 R :m Workshop Schedules - . : o

L

V-

Flve—Sess1on Svmpos1um

"~ The flve—seSS1on Symposium may be conducted in two. dlfferent
.formats. The'flrst 1s des1gned for the general DUbllC. Tt consists of flve
two-to-three hour sess1ons1held ln “the evening on some ‘selected day of the
week for f1ve success1ve weeks. The second schedule is a one—week sympos1um
sultable for a multl—dlSC1pllnarv college or unlvers1tv summer session. Both
' formats use the student S text and the teacher 's gulde. ' , .

o -

. Five-Week Format ’ ;
" First Week S R
'l. Reglstratlon and dlstrlbutlon of student texts._"

2. omplete questloﬂnalre in Soc1olog1cal Unlt

3. Instructor explalns olan of course and conducts class dlscuss1on
L - en questlons 1n questlonnalre.‘ - :

. . 4;»;Ass1gn§§£ts: l.‘ Read " Technology Unlt and answer as many questaons
R . as pos51ble. ' : '

2. Collect energy—orwented cartoons from newspapers and

ik’ IR ”}' ' :@3;5 o m&ga21nes. S ,
" Second Week o . e ' P
IR Class dlSCUSSlonS o L . _
_.!J;ﬁt'i: 'if;,l'k" d: .. a. Explain and complete(technologv questlons. :
PR EET Class dlscuss1on on subs e of cartoon’ contents.
'-*%..,Assignmentsﬁ";Read soc1ologlCal and- env1ronmental units: Look for
o , . examples of energv—slanted advert1s1ng by 1ndustry
. // . v . ’. . B C . ) . . . . ) . R ) _,‘4';" .
. o 'l‘ Clear up any as—yet unanswered questlons in ‘the Technologv Unlt.
e E 2. DfsCuss questlons to. be found 1n student S\\ext on Soc1ologlcal -
P ~ez;'. -and Envrropnental Unlts.v - S e

r~
" )

"and PolltlcalﬂUnlts. ﬂ-' " .;

Assggnments'; Read.Econ mi
* . : * i v . . et - s . {
Fourth Week . . ﬂ'ﬂ‘_z O '.‘f R L
T .~fl} lescuss1on led by 1nstructor, based on ouestlons to be found in -
Ce g -lﬁ " student's text, and in teacher 's quide, ‘on Polltlcal and Economlc Unlts.
'f Z?f'Conduct Risk’ Game - score and explaln intent of game ‘and s1gn1f1cance
j “,of results.. ‘ E o N . <

. o3y _Assignmen,- ‘Review course materlal and formulate anv,questlons on °

course work Read, Dec1sion Ntdule.

s
il ’ S : ’ L

€

D
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Flfth Week

,fvl; Final. Rev1ew ~ Lot

- l: “a. Answer questlons from.workshop Dartlclpants.
Discuss Decision Module.
Analyze and dlSCUSS content of cartoons.

3. Complete evaluatlon questionnalre._

P ) 3 ]

2.

I
f
Y

e N

. o croen ) .._. - i
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One-Heek Format

4 7 ' ' - '\‘v?v.
i 1rst Dav Py E o
Morning 9:00 —\12 0. i

1. Reglstratlon and d%strlbutlon of student texts.
.- 2. . Complete questionnéifé in Sociological Unid. |
}{»; T S A3 ”Instructor explalné%@jan of course and, conducts'class

: . discussion om questlons in questionnaire.
4. ASsignments: -(a).Read chhnology Unat angd’ answer as many
S ‘questions as possible. -

. ... . {b) Library Worg, Coliect Enerqv—orlented
, o Cartoons from magazines and newsoaoers.»
Afternoon. Wbrk on assranments.~ S o o '-',jF
' 2 . . . coL B s AR .‘ K
Second Day - j-“ A - ﬁ%" S o
- Moming:/ 9: oo _ 12:00% L .
- . . . .‘ ) . PR ter N .
LR - Ly Class dlscuss1ons. L , Lo _ N
. {a) RevreW°and e%olalﬁ technologv questlons '
: }f, - (b) msmmscm¢o¥5 g : ,
’ T Aésrgnmen'sw {ah Read Socrologlcal and Env1ronmental Unlts.
. L 3" o 4D le&ary?work Look -for energy—related
S b8 g ’ ® » advertising by industry. :
AT e (o) Complete technology questlons.
RIS isarterﬁoonf GYOrk on a§51gn§$nts. - .A : L L e
: aThird Pay , - i s - o A T C e
x g Morning: 9800 - ;00 . o oL
L : A . s - . Lo ) v
e el Class dlscussrons e ' P
® _"‘ ? : S a) Clear Up .any. unanswered questlons on Technology Unlt.
-, T (b) Conduct Risk Game. ' . :
s B . - (). Cdmplete personal Enventory in Table II Env1ronmental
SR A (d)" Pose questlons from Teacher s Fu1de and - dlSCUSS them

-a_.;.;- SN 2. Ass1gnment ,'\a} Anp01nt delegation to call on ClVll Defense q

o S o s Office to obtain information on Civil De- - -

' ’ ' Lo " . fense plans-in the.event of a nucléar 1nC1dent
(b*'Read Economlc and Polltlcal Uhlts.

v Afternoon~7 Work on ass1gnments. '_j N - ‘ e
- T e Partlclpants not calling on Cryll Defens', a551st 1n—. '
AL structor 1n analv21ng RlSk Game results.,n oo
. . : ) o ) # o - . .
. . l:; . % ) ] : ' B )
q . (\ . . _' L
o N o
N ) . ,
. 4 s \. s
i . - : o
' - - s W
; ) '
- 4 é . g
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Foufth’baz 3 o T
Nbrm_ng 9:00 - 12 00” .

1. Class d{lscuss:Lons oo g,‘éi ,
’ ’ . K N . > oo A
(a) Disc;uss questiOns_"_,found_

5 L v (b)’ Receive report on’ delegé.i &
i 2 - (e Recelve result‘é -of . Rlsk Game

¢ (a) Answer questlon 3

 (b) Discuss DeCJ.SJ.'-_ A
(c) DlSC'LlSS content'_

.‘,

ERIC
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Iy *.'r = L
One—Hour Format v S o Ry
: Thla one—hour prepared t,ext_ nucleag}energv is based7- on.materlal
"contalned in the student s text, titled Cit¥zen Educatlon on Nuclear

'._ also tells the custoner how much Qettef jOb the pollsh does than that of‘ ,
a competltOr.. ’I'hls text,ftherefor avords tec:hmcal detalls and tells' .

R 'e“l» R o as

""-‘tpe llstener how well nuclear epergv does the jOD and how muchr bettetg'lt

w7

.. : \ e «’\' ) L B
. The areas covered ln‘vth;r.s prezpared text are nu'é.lear safetv,: :

c\ : é ey L
negss, and, cost.1 A tm‘e allowance AS @lso made for - questlons. o

' . e *““;4"1 B

The £asé zorxNuclear jfoweru

D i ;.‘a ore a.red= tez«;,t),,, v
LT S R .sa m »j- ° _{.@ —

v;e pule.o dld not conSLder _therﬁselves tq,bge
matters J.n"qeneral BN on: nuclea.@nerg\%r"

L. By k2 "IE» ;.it,
sources were not Drov:Ld:Lng the necessary mermatlon. That is, unfortunatﬁé

_because the déta do ex1st on whlcfmto, baSe mfelllgent deCJ_S lg?fs_ L
- . _. '. t»f‘ o |3
‘" it would be . fOOllSh‘ to»

th:Lnk that thJ_s short dlscussmn m@@}t an&zer all the possmae questlisans

.a-.!

: concernlng the energy J.ssue.v The bes
"“:".* ,"the broad areas of concern and to tell?fh

cbe fOund § o o b % - :

' At the 'very start, _Lt .LS st.rongly{, emphaslzedwthat a: complete understand— 9.

eeded for one to

S J.ng of: all the technlcal aspects of the E&su@* is no_"_

\ %
mental effort 1s, however, rednllred..-,‘i. ‘;'1."?" é‘;}* - 5 L
' The energy lssue in general and the nutlear energ *“?1%?1;@ An part:,cular,
. ""canl be. bfoken down J_nto the followmg seqments-~ "ﬂthe 5.Ldent1ty ﬂd magnltude e

of the most. llkely alternatlves, est:.mates of futur'e emand jooeratlonal

. safetf, ;anludlng em/lronmental and ecologlcal Jmoact, soc10—eoonomlc T

J_mpllcatlons, and questlons of natlonal pollcy.'- : Ex L DA i -
= _ _ : ‘ y
: ?ﬂ).
r , o
&
* -
[MC D e R Ry <G

Aruitoxt provided by Eic:
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E Vlabre alternatlves for the foreseeable future are only three in number
i;;h. . fOSSll fuels, solar and nuclear Of these, only foss1 uels and nuclear

5 ;jhave reacbed the level of technologlcal development necessary to meet a,major f e
-f;part of the estlmated demand Solar, Wthh includes wind and hydro—power,l

IZh?ihas not. vet reached the oornt where w1despread connerclal appllcatlons are -
lﬁllkely n. the near future Of course, hydro—power 1s a major source in a few
'LﬂfaVOred areas, but very much addltlonal appllcatlon 1s not expected, s1mply
a3because all sultable potentlal has already been explorted '
f' Operatlonal sarety, lncludlng env1ronmental and ecolog1Cal mpact, - is
h’“the battleground on whlch the. pro— and antl—nuclear forces are locked.in. ,
‘l nortal combat Soc;o—economlc and pollcy questlons are nunor sklrmlshes on
v;the perlphery of the malestrom o,
‘ Geothermal energy, ‘ocean trdes, ‘ocean waves and thermal gradlents,
t Q“ ?"and blomass are mlnor alternatlves on the s1dellnes, Jjust waltlng to" join the
“f_fray . ﬂ'[l-;, Co T J b“-#”'“'
_ ’ Factual lnformatron, as. well as expert (and not so expert) oplnlon, is
':avarlﬁgle to anyone wrth the 1nterest and lncllnatlon to dig it out. In °
511975 the- then U S. Energy Research and Development Administration requested
the U. - S. Natlonal Academles of. Sc1ence -and Englneerlng ‘to make a "compre—
"hen51 e analysis of the natlon 'S- energy future, with specral cons1deratlon
,pof the .role of- nuclear power _The study was conducted by the "parent
-:'1Comm1ttee on Nuclear and Alternatlve Energy Systems (CONAES), four assess—'
'1Tfnent panels, and some two dozen subcommlttees, 1nvolv1ng, in total over
250 persons Some of the findangs of this study are currently in press, | ,..
ﬂ,*” and hence not lmmedlately avallable ’ However, an 1n—depth revlew of the /}\\/
. work of that camittee: by two of the members of CONAES mav be found in Annual

(1) Addltlonal sources of authorltatlve in-

" Review of: Energy, Vol. 4 (1979L

B Jformatlon are the Report of the President's Commlss1on on the Threelmlle Island
v "sl Accldent “and the testlm@py of Admlral Hyman G. Rlckover before the Congress1onal.f _
- Commlttee on Energy in Ma§ 1979 1f the- local llbrarv does not have these o

. ¢ .
publlcatlbns, one should nsist that ‘they be acqulred as essentlal to- a pgb%é%

understandlng of the 1ssues. Addltlonal suggeCted readlng 1s llsted iy the

. ,’, 5
ST Yo
e .
» . )
R
N

tnbllography > , . )
’ ‘An lnforned publlc 1s crucral to the resolutlon ot ‘the current energy T

cr1s1s In thls context, a quote fram the above referenced artlcle is’

pertlnent*
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"The CONAnS stud), llke others befg;e lt,_concluded tha§ th e are -
‘ dlvergent pathWays thls nation.can’follow ggward its energy ut e. Which ;t
‘oath 1S pursued wrll ultimately béég matter of soc1al chorce., But, Wthh—

‘ ever road 1s followed delxberatg&and ti ly actlons by govarnment will be o

:"a, requlred and many wiil touch sensltlve nerves in. thlS Dlurallstlc society.- ‘fl~lp

B ﬂ "Bulldlng the pOl.'LF_J.Ca.L co sensus @cessary to- an effectlve DOlJ_CV will,

A 'n.atherefore, be dlfflcult An important lngredlent of thls effort 1s to. reh
_ 'Dlace mvths ‘with facts an to reduce uncertainties as much as DOsSlble.A,
',;-WLth these objectlves, LONAED attempted to assemble a. solld data base whlch
. 'would assist both the -decisign maker and the puplic to ldentlfy and’ evaluate
the’ Consequences of alternatlves and orten conrllctlng ,nergy goals, optlons,f
costs, beneflts, tradeotfs, and mlxed strategles.“ ‘

The,  publ.c, thererore, 1S strongly encou:aged to" consult the reports
on this study as thev are lssued Only’ thus can a ratronal oolnlon be
formed, and not by relylng on the words of the excessrvely VOCal self—

.’appornted guardlans of the DUbllC good. ' , o
. Man's rise fram savagery to clvrllty ‘has been marked by one domlnant
h theme, namely, the search for sources of energy to. do his work for hun -v{
a  The all—consumlng struggle for survival left prlmltlve mankind 1ittle time _ : bwfﬂ,;~
B :'for anythlng else. - Crucial dlscoverles such as frre and the domestlcatlon '
:of -animals. provrded the enterlng wedge that freed [ few 1nd1vrduals for
. pursults other than ngbblng out a. llv1ng from the recalcrtrant so1l. The
dlscovery of the means ror controlélng rlre -opened ehe way for the burning
of wood and coal for heat, and of aniﬁal ‘and vegetable orls for llght. ‘
__;f Damestic shimals assrsted ln\theISOll—gr lng Drocess and orov1ded man
"’ with lncreased HCblllty.q Coal was #pgr ed. 1nto Western Eurooe in the.
Vlate 13th g&ntury by Mazco Poio, andﬁpetroleum was dlscovered in. the United v;u.
States in the mlddle of the l9th centurv Natugal,gas, a. Detroleum by—
o ﬁproduct came 1nto wrdespread use in the early 20thfcentury "In l939 Hahn . .;/i“
) 'and Strassman dlscovered nucle?r flss10n and the nuclear age began Thus,
C «nucrear energy. markslthevlatest step.ln man's seagch for ever better sources;»f
- of energy to~do h%s worx for him. e e :f o S
All progress, however, has 1ts good and bad aspects. The 1nventlon of .-
| the bow aﬁd arrdw lmmeasurably lmproved man's ablllty to,feed hlmself but -
" the arrow that kllled his meat also 11168 man. Fire. soon proved to be,a -
%;1 rgv 1s”no dlfferent Thus,."

c

dangerous slave, lf;OUt of contrOL,
B * '

d nucleaqr en
' nuclear safety lS oﬁ orlme concern to thc nucle_

‘e \‘
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} The recent lnc1dent at Three Mlle Island alerted the publlc to the‘7

possrble hazards assocrated wrth the use of nuclear energy. Nuclear safety,: o

however, 1s not a new problem From their lnceptlon, nuclear reactors have

been recognlzed as dangerous devices and both{government -and. 1ndustry have. .

been engaged in lntenS1ve research 1nto the_ﬂ

lgn -of : safely operatlng .

reactors. Safety, however, 1nvolves more than.machlne desrgn. The human '

factor cannot be. lgnored This fact 1s v1vrdly apparent on. consrderatlon o

~of e flndlngs of the Presrdent CommlSSlon ‘on Three Mlle lsland as
pafed wath Admiral H: G, Rlckover'“ Qestuno

fore a congressronal commlttee

. That " Connussron stated'ln 1ts report,."We are convrnced ‘that 1f the only §4y~~

problems were. equ1pment problems thls Presldentlal Comm1ssron would never

have been created " And again, . ' the fundamental problems are people— '

related problems, and not equlpment problems "

. o _
~In contrast to lndustry—operated nucrear power plants, 1t is refresh—

ing to look at ‘the record of’ the Navy 'S Nuclear PropulSlon Program S safety

record In his testlmony, Admlral Rlckover stated, "In ‘the 26 years srnce

[

the Nautllus land prototype flrst operated Wthh was in 1953 “there has

never beén an accrdent lnv0lv1ng a naVal reactor, nor. has there been any

'\release of radroacterty which hj

o ment ‘ ThlS record becomes all the more lmpres51ve in the llght of “the
. follow1ng facts: = - ‘ S ' |

127 nuclear powered sheﬁs n operatlon SR

508 nuclear cores procured ST _C N

166 refuelings .

o .. 40 million miles steamed by nuclear powered navy. shlps .

’ l800 reactor—years of operatlon

‘J.How was 1t done? Admitral Rickover gave the answer., "You have to’ depend

had a srgnltlcant eftect on the enV1ron—“

',jron_people, If you have ¢q' depend on'people, then they must Know what they

. aresdoing That means tralnlng not only once, but constantly. That 1s why

Wpéople are’ requrred to go to church every week The ordlnary human belng

~‘does not remember anything longer than a, week . - -.*~

One lS forced to conclude that 1E the navy can, operate n&glear reactors

NN

{safely, then lndustry ought to be able to do\llkew1se. : ) o

) -

Y

To place the whole questlgn m the proper perspectlve, 1t 1s lnstructlve

Z.to cons1der accrdent rates as complled by the Natlonal Safety Councrl

‘Table S-5- 12_

~llsts the rlsk asEOCLated with a varlety of common actrvrtles. The rlsf 1s

-

stared as one accrdental death per vear per sree of populatlon, .




CTARIE §-5-1 . e
‘ RlSk of Acc1dental Death v .

- Risk of Death ln the Home - ;l per year per 7700 populatlon

. “Risk of Death n an Automoblle t ';l per year per 4000 populatlon""l
: o Rlsk of Death in an Aeroplane 7‘v' -1 per year per 100,000, populatlon
i * Risk of Death rn Coaf'Mlnlng S per year per 196 populatlon
. Risk of Death by Lyghening, .1 per year per 2,000,000 -
. pRlsk of - Death 1n a Nuclear Power» : i .
: ‘ Plant : - By per year per 5 000 000 000 "
”f; - " But there are ‘other haZards aSSOClated wrth nuclear energy The most\

feared are the. effects of exposure to radlatlon The Advrsory CommlSSlon
~on the Blologlcal Effects of Radlatlon, Natlonal Research Counc1l, has 1ssued
-fthe results of~a study- on the llfe—shortenlng effects of various comnon
aCth1tl@S ‘Table S— -5- 2 lS taken, from that study.
< . TABLE s—5 2

Llfe—Shortenlng Effects ot*Varlous Factors ‘in Human Experlence

Factors Tendlng to Decrease - . .. Decrease 1n Average Llfetlme
¢ Average Llfetlme o R - -

.,;OVerwelght by 25% Lo ' ,-'l} _ o 3.6 years:

) ‘Smoking 1 pack cigarets per day S L 7.0 ‘years
l<§ - b Smoklng 2 pacKs Clgarets per day . E . 100 yearsf."siglh.t'
' n Clty versus country L1ving _ e 5.0 years-
Radlatlon frqm nuclear power plants . a T i
' (1970)- .+ . Less than one minute
_ . ) ) . . ] &
Estimate for year 2000 with 100-fold - Tt -
lncrease in nuclear power productlon . Less than 30 mlnutes

“

Opponents of nuclear energy ‘have depanded that ﬁhclear reactors be -
Jdes1gned with zero risks. Admlral Rlckover has pointed out that machlnes
' cannot be _made peﬁfect - The human body i 's flnest creatlon and yet
o A

Eannot have perfect h belngs, then:why should we é\

_'we get. 51ck If

z

eators" That 1s: what many unthlnklng people demand,

:".1 ', We‘COme'now uthe subject of cleanlaness Cleanllness dealS'W1th the
’ .productlon of waste products that must be dlsposed of in some- manners Agaln,
O 'we oLte comparatlve studles in Table S-5 . o

>
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:‘ 4 . ,
s Waste Products . 4 o
L-Coal_— 12 tons of ash per lOO tons burned . o
' 242 tons C02per 100 - tons burned - o
Radlatlon eXDOSUIe of general DUbllC -0.3 mllllrem/year
‘ ' Nuclear Energy -8 pounds flSSlon products rer, 100 tons of ore mlned
R Radlatlon exposure to general publlc -~ .005 millirem

_ Other emlsSLOns and products are ox1des of sulphur and nltrogen for o
coal and plutonlum for nuclear reactors ' The former can be partlally re— =
. moved by scrubbersh which greatly increases . the cost of electrlclty
’.,_' most obv1ous means- for dlSDOSlng of the plutonlum is to put. lt i a reactor : ;g

W

to make electr1c1ty ln the same way uranlum is used: "
. There remalns the question of how to dlspose of those 8 pounds of .
flSSlon products.’ It has been Galculated that one cubic meter (a 11ttle ;~“;~,.L -
- more than a cubic yard) of those same f1531on products produces enough gamma .

heat for the equ1valent of four average homes. " Hence, the flSSlon products _

‘became an: alternatlve energy source, - ST o . “’/ _"Q \*;:l . a
1 o Cost flgures also favor nuclear power 'Table'S—S 4 shows relative“”.° _ .
_l costs fram studies of the Atomlc Industrlal Forum and the Westlnghouse Corpora—
_ tion. o ,2 L . o ,L» S b
- . : ‘ : : S N o " - : ';/‘ _ B .
. e . TABLE S-5-4 -
.ﬂ'?% i Comparatlve Energy Costs ,
- source -, < .~ Electrical Costs 1976 - 1978° - L
Coal .. - B '-K7m _ ’_'1.8 cents, kivhr. ,&'_ '2 3 cents/kWhr. ‘
TS R "% 3.5 cents/kWhr. . | 4.0 cents/kWhr;’ .
vNuClear__ T - 1.5 centS/kWhr; " "ﬂ‘l 5 cents/kWhr.\‘ .
) * N - . . N - . . R l“/ »:. :

! ’ '),). N <
Utllltles uSLng both nuclear and tossrl fuel faCllltleS have estrma '

'J"- 1ﬂ’that dollar sav1ngs -to therr customers have occurred because of the avallablllty

s PN

~ ° ™
of nuclear power. Tablej§:‘>5 shows those cost Sav1ngs..' R o Qw
- ) . - . s . Ll
- ) . . . . . ? . \ . . " .
. - . . ’ . s K.Q'. N . . . N e, 1 B h
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TABLE S 5-5

197” Cost SaVJ_ngs to Typlcal Res1dent1al Customers oy :

T o .Jf_WlS.COIlSJ_n - 8peryear"'-.l
e ' . . Philadelphia area =~ $ l6'per year .. .. T
o ' New England’- - - $180 per year @ ¢
S Balt.unore L $ 81 per year\-* ‘_4_., e '

o These are all short—term oons;_deratlons, in. the long term, other 5;2 o
factors need to be oonSJ_dercd - The antJ.'s ‘appear to think that 1t is only
g necessary to. utter the words 'solar': and ooal' to c?l:_nch the argument
. aga_Lnst nuClear energy Cons1der, however, the facts. :
’ . An artJ.cle 1n the, 'I‘ransaCtlons of the Amerlcan Geophys1cal Unlon
4‘" ‘i," for July, l972 dlscusses the ge Scale Concentratlon and C@nvers1on 4
B of oolar Energy . The. alununum to bullfa the mJ.rrors would consume the S
“‘entire Unlted States product_l.on of alunu.unum for 38 vears at the 1969 o ' i_ N
rf/} productlon rate, and the llfe of the system was' estlmated to. be 30 years The o

system would oover an area of - 30 880 square lees In addltron, steel. would

“ Pe. needed for mirror supports, control c1rqu.ts wouid dlrect the sun S lJ_ght

3
7

~on the oonvers1on unlt, a convers1on unlt would generate electrJ_CJ_ty, and

a storage system would store the energy on. off peé}ods when 1t would not

_ . be needed. Because of the dlffuse nature of solar energy, 1t is only

. - ‘.' sm_table for small scale de—centrallzed uses - Gt
o o The haza.rds assoq«lated with the wldespread use of coal are’ only
o jusit now bng_nnlng to be reallzed ’Ihe oonsequences Of acldﬁraln have , '
SR receJ.ved some newspager exposure @ ACld rain results from the oxides of - i
e sulphur and Fgutrogen roduced by the burnmg of ooal Scrubbers can ré- L

move most, mlt not: all, of these oxrdea and the_u: use J.ncreases the cost -

of the'yeleé'g.rJ_CJ.ty to the pomt w'here J.t\ is no lOnger competltlve ‘with nu— ‘

_ _4' cl’ear .energy " The real hazard however, 1s catastrophlc and probably fully )

a,’_ 1 realJ_zed by only a handful of knowledgea% SClentlStS ' The ‘hazard referred
Lo ft@ .l.S the ;anr’ sed greenhouse efs ect, produced‘“byan increase in. the carbon
?",jv e G’dlox1de conten.t J.f‘l the atmosphere from burnJ_ng ooal It was stated above " ‘
‘ that 100° tons of Coal produced 12 tons of ash when burned ihat means that ) . .
e about 6@ tons of carbon are burned’ to produce carbon dioxlde (CO ), smce ‘ L
by about 3/4 of the dlfference between 12 and lOO oonsl.sts, of carbon. The ’
‘ other constltuents are %hydrogen, nltrogen, oxygen, and sulphur in varylng ,
-8 percentages.f Hence, the.\%\burnlng of lOO tons of coal produces 242 tons of

gs . . CO . Ty . L . S s v' . o L o _ . ﬂ 4‘, FEPC PR

L@

[
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It’has been.estrmated 1n a’ report of research 1ﬁ‘a recent‘lssue of B
the Journal of Geophysrcal Research of ‘the Amerlcan Geophysacal nlon that
the consequence of a 100% dependence on coal would result in an 1ncrease 1n
the worldwrde.average temperature at the surface of the earth of. nlne de— L
grees cent1grade,~by the year 2100 - It has been further estunated that 1f '!L';{i' ‘
the surface temperature of the WOrld's oceans were lncreased bv only 5 _' -fi,?j ..,‘

p degrees, ‘the resultlng thermal expansron of . the water alone would put evegy - kﬂ%:
ooastal c1ty in the world under water. Furthermore, thrsEWOrldW1de 1ncreaseq K
in temperature would’ melt both polar lce caps and the Greenland 1ce- cap, 5>7Lf;"]51j
*and. only the tips of the New York skyscrapers would be showrng f:,.v‘ A

v '..f - The. gntl—nuclear lObe Hés accused government and 1ndustry spokes—““ : ;-
7 ‘nen of\blas when all the whrle, they voc;ferously express thelr own' blasnpjfji_
,.LTI,JBut blas 1s not all bad Only those who have no dbrnlon at-ail are ccnp B

: pletely free of blas., Blas’may be the'result of expert knowledge, on the

o one hand or complete'lgnorance of the subJect on the other. What 1s re—f;~‘
S qurred 1s balance,

er than the ellnunatlon'of blas. To attaln such 7 %jh.“"
balance, it is’ necessary - to cons1der advantages and dlsadvantages of’alter—~: Iﬂ,f -

L

natlves in both.the“short ternland the.long term.p', L f:"' A Y-.n . ,_' P
»t*_ S "Wlth reSpect to the envrronment ‘and energy, uncertalntles aboutd‘ , 'd‘ o
”..the future lmpacts of current chorces suggest that what are acceptable or . ﬂéfgyifi
heven good chorces for the lmmedlate future may ‘prove less satlsfactory for h .'“

ft - the d1stant future.‘ Obvrously, thzs could be true of socral and” economlc "A/””ﬁ*

-chorces as well but the scale of eftects as well as. the reverSlblllty and/

“the time requrred to reverse sone @nvrronmental unpacts may be qulte long. L
(Energy The Next Twenty Years, H. H Landsberg.. Ballrnger Publlshlng ;:,.-‘-'Jff
e Company, Cambrldge, Massachusetts \1979; pp.‘369 370 ) , :3;..'/. ' '

—————

. It mrght be concluded therefore,_that the energy GrrSrs Ane general,

IEand the nuclear energy 1ssue 1in partlcular cannotffoe solyed by the emotl 'al

”outbursts and angulshed,antlcs of mlsguldéd act1v15ts.. Sober refleCtlon
'and ratlonal analysrs wrlr be necessary fqr the. resolutlon of these 1ssues
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P En_':; e f'r~r '4 T i;’;;ﬂf KR ‘:“.;1‘-‘ .-;M:'@fﬂﬁa;,ﬂ.ﬁ-f
;-gf:( :i f'flzxv Adult workshops and secondar§ school currlcula are. two L ﬁ-'ﬁ‘ﬂ L~ﬂ . '
: s+ 7 “avenues . for the dlssemlnatlon of, ‘the ymaterial in the Student!s .- SR :lf:,
.€fi-;Text; ’Newspaper artlcles constitute a thlrd publlc educatlon \'“:; : S 'i;

L _proCess. TWO - formats des1gned for the latter appllcatlon ave oo

toe .glVen in this appendlx. O T S . ;x7l3;‘ﬂﬂ B

? : ’ : . i o N . B -

Al - 3

- 'SlnglE.AIthle Format "4 e "'fjf‘ ','i ]rﬂ, - :fi f '.:,'f.x L

. . s
Y - -
J .9 J .

Mlnl Serles Forrﬂat ‘ “%._ . . .-‘ .. “, - ) .‘:\._- ...‘,"- _'7 : o .".:\
I';‘nj :.;ﬁ - The follow1ng series of‘51x artldles 15 based on the e Hfr;fj:".f
.o : ,materlal 1n the Student SHText It was publlshed 1n the Idaho Falls _ :;f o
EostrReglster»dally newspaper for July l7 1980 through July 23, __;ljfij‘j;-~;d"
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- part'l.of;a,Series'on Nuclear Energy
Y S 5 o, o oo . - o
One domlnant theme has’ run through all of man's history durlng his rise -
ffrom savagery to 01v1llty, and that is hlS search for non-human sources of - ‘
| _energy’ to do h1s work for hlm. Prehlstorlc homlnlds warmed themselves in
‘the sun,, but the rest of their tlHE was spent eklng out a llv1ng from an
' funfrlendly nature The’ dlscovery of the ‘use, of fire and: the domestication .
: of anlmals partlally freed man from the all-~consuming - task of grubblng out
'qua llVlng fram the recalcitrant soil. The control of f1re opened the way |
-"for Jthe burnlng of wood for heat, ‘and of anunal and vegetable oils for llght
.. Domestic anlmals ass1sted in the s01l—grubb1ng process and prov1ded man
a; w1th lncreased moblllty " Coal was 1ntroduced into’ Europe by Marco Polo dur- E

. ﬁglng the - late l3th century Petroleum was dlscovered in the Unlted States
Y dlng¢the’ndddle 19th century.  In 1939, Hahn and Strassmann dlscovered

_Qear f1ss1on ‘and the nuclear age began Thus, nuclear energy ‘marks the
latest step in man s search for ever better sources of energy to do his work
"forh_un _ ' o o _
- h All progress however, has its good and bad aspects._ The lnventlon
of the bow and arrow lmmeasureably 1mproved man's ablllty to feed himself,
but the arrow that kllled his meat also killed men. Flre soon proved to be
a dangerous slave, if out of control and nuclear energy is no ‘different.
T Throughout man's long hlstory of hlS exploitation of non-human energy
, sources, there has been thlS constant battle between the good and bad aspects -
' .of progress. Columbus had some dlfflculty in recrultlng seamen for his west- o
J ward . voyage because they were afrald they mlght fall off ‘the edge of the earth.
Franklln s llghtnlng rod.was opposed on the grounds that it was sacrlleglous.
The use of anesthetlcs to ease ‘the paln of. Chlldblrth was also opposed. on _
rellglous grounds untll ‘sameone pornted out that the mercrful Lord put Adam
into. a deep sleep before he took a rib to make Eve The present oppos1tlon
‘to nuclear energy has nbre sophlstlcated grounds based ultlmately on Fear,
Ignorance, and Prejudlce.l The present ser1e therefore, 1s dedlcated to
the dlss1patlon of fear- through the substltutlon of knowledge for 1gnorance
and ratlonal judgement for prejudlée L »
) Concern for the state of man's’ env1ronment is. no;éngOdsThe waturallst'

John Mulr was concerned for. the fate of thé Callfornla , and. dld some-

thlng ab®¥c it. Theodore Roosevelt was one of Amerlca s flrst conservatlonlsts' '

.
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HlS d;stant cou31n, FDR, encouraged the plantlng of shelter—belts in the ¢ o
plalns states durlng the/dust bowl days In 1950 a book tltled Water,- o

‘Land,” and People was. publlshed that warned agalnst ". »our growing water': ’

| " famines, and floods and the human consequences ’”‘ The present ‘genera-
tlon is no, stranger to the flood of'lnvectlve dlrected agalnst ‘the use . of
~nuclear energy and’ warnlng of the- dlre consequences of 1ts ex0101tatlon o

t_p. , what the publlc does not kncw, for ‘the s1mple r\ason that no one has ,“
troubled themselves to tell 1t, is that there 1s a vast' reservoir of balanced
factual 1nformat10n on. the rlsks, the hazards and the~henef1ts of nuclear .

‘ asdf substitute’ for human muscle and sweat Unfortunately, much of
thatulﬁ ormatlon is burled in the dusty flles of technlcal 11brar1es Morev’

_.¢recently, howevér, comprehen51ve reviews of the flndlngs and conclu51ons .

of research groups and 1nvest1gat1ve commlttees have been pubIlshed CopleS‘

of those publlcatlons should be in every publlc llbrary - If they are not,

llbrary users should lns1st that their llbrarles get them. A’ llSt of

" ‘suggested’ tltles w1ll be- glven at the end of this artlcle L,

Most people do not have. tlne to plough through such a nountaln of

<

€a

prlnted materlal For that reason, thls series has been wrltten to acqualnt4
the publlc w1th the sallent facts~concern1ng nuclear energy to the end that '
they mlght make for themselves ratlonal ]udgements on issues relatlng to o
nucledr energy The source materlal has. consrsted in part of the publlca—b
tlons descrlbed below, and in part, of personal experlence in energy—related .
vendeavours, such as geophys1cal exploratlons for 011, petroleum reserv01r;'
productlon research and nuclear reactor physics research o ST
o Nuclear reactor safety has been hlgh -on the'list of prlorltles for _
nuclear research ever since the days of the first nuclear pile that was bulkt
~under the West Stands of Stagg Fleld, University of Chlcago, -and that first
demonstrated the. poss1b111ty of a nuclear-chain reaction, on December 2, l942
I@dtlnulllon dollar programs at the INEL that are devoted entlrely to ref;tor
.- safety research are the Power Burst Fac1l1ty (PBF) and Loss
'v of Fluld Test (IDFT) programs Ind1v1duals, research teams, study groups; and
comm1ss1ons have studled the problem and 1ssued reports Some of the resultlng'ui
conclus1ons w1ll be preSented n subsequent parts of this series.
The remalnlng parts of this series wall dlscuss such questlons as
natural and man—made rad;atlone, ‘the rlsks and benefits of nuclear . ergyga
waste productS‘from-nuclear power . plants and from alternatlve powet ources,-

power costs, and reactor Safety

o
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::ov\\g energy from place to prac - It o
' tatlc neans that 1t is: j there L0
that\lt 1s on—the;move.‘fIf you de- } .

In empty space,(“
-/always,/eOerywhere,fnamely, the speed_ﬂf,

.. In a aense that 1dea ISuStlll true, but it ,
llttre. Matter cannot be destroyed” that 1s, changed Bar

0

o

W plant dependS// /
tlon proposed by 7

AT

fadiant energy ‘The 60~cycle current that llght?
bread produces radlatloﬁ. Radlo waves that br”
b,Hope and Fred Sanford are a form of radlatron.._ -rays that find |

f, v/

a—v1oletﬂ(not vrsubie llght is radlant energﬁ{ "

‘and.that/toasts y7

‘““hen ept gnd T controrﬁ" 5/ ‘ :
' | wrnter’s day, rt w1l JBurn your/house'down, 1f it gets'

hf, and inia, dlathermy
nght is:

dlsease.

/a.-—-

wsent 1 to VLSlon buF rée; lrght Can cause/Plrndne€s! Ultra—v1dlet light \

;manufactuxes v1taman D 1A your sklnr bUt too much/cag cause sunburn and




o

'fradloactlve d1s1ntegratlon.
The’

nuclear power~ plant .
thelrowlts

_ LO understand why gamma’rays are dangerous, whereas radlo waves are g
not, 1t 1s neCessary to get~3ust a little b1t technlcal degree of danger

= .

depends’on the_frequency offthe’radlatlon and on- how much of lt ;here 1s. The

/ traps hlgh energy;partlcles and the atmosphere absorbsHUltra—v1olet llght and

gamma rays. ”ha Kehaely—Heavr51de aonchlayersaresponslble for" long—range radlo

;¢;' communlcatlorédand the Van/ len radlatioq be s;are the consequenctJof that

radlatron’ Of the q;nety—two naturally ccmnirux;elements, several are radlo—
actlve/and emlt both partlcleoandrradlant enerj i Radlum that 1s used on lumlnous Qg ‘

LIRS . P
N Ac.',

watch dlals 1s we{}/known Thorlum that 1sQUSed 1n your¢€oleman camp—llght gas

7 ) : _
_ Tr ) .}adrogen, 1,_;::a weakly‘-'radloactlve
materlal found 1n raln water ‘

mantles 15 another .

NN r:;.

water n the atnosphere. Carbo”
gontalred rnfall llVlng/matter
fmds / Eo‘tassmm, an efement
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‘]radlatlon.‘
' man has progressed from savagery to his. present hlgh state of crvrllzatlon.

—a

'JH":,{ Does all thrs\.rlghten y?u" It is not meant to.. i ! -
“that all the earth and,all llfe from thée day of creatlon have been bathed 1n -

It is'meant/toyshow
There is'no escaplng 1t, and in splte of,: perhaps because of 1t,.}
7 . The dangerous forms of‘radlatlon can be controlled just as man has

controlled %1re. In the next: part of this serles, we shall talk
products, the: nuclear ashes, and how they can be an alternatlve_
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LR At a meetmg J.n November, l974 Ralph Nader posed a questaon to the ‘ﬂ
,A L PPN 1
then AEC Comfrussron& Doub w o, v L__’ . S s Lk

- *engages an to ,frl

-~ ! - A R

.«

e

e T S

the Amerlcan publm Tt,)as akin to t&e mfamous
ou stIll beat your w;.fe"" Nader S questlon reveals !

Lk 5 u

trlck questlon,' RO Fou

v & .

an abysmal 1gnorafce,,5f nucrlear techno"i ,is pased-on a false. aseumptlon, A
and :s dellberately;‘p ofo%acﬂze an’ ton& The phrasmg of the questlon -
lmpll,es tl*at tl‘ere have a ead bee:%‘atormc exploslons 1n nuclear power plg,nts,
1t acsum,e<= that an "atorm.c explos1on »10° a,nuclear posq;e{’r plant 1s possrble =
.a false assmnptlon, and the lnsgstence on "3ust a nurber® denles the re— B

B Spondent o Opporthgy ‘of gjving g rational answer.' : L T

*

\

‘{It‘ls necess to place the whole questlon of - reactor’ safety in the

5‘ .

“proper ﬁ,perspectrve, 1f\ the Amerlca“gr publlc yis to gain: a wational, und'erstand—

. J ng of the place’ of- nuclear energy 1n the natlonal econamy . As polnted out _
T by Pe*- Bec}menn in his book, The Health Hazards of NOT Going Nuclear’, Mlhere - -

. 1s no uch thlng as: sare energy oonversron on a lalge s@ale' it s almost

Q
0

4

a oontlad.lctlon in terms Energy 1s the%capamty for doing work and as long

as man 1S falllble there is always the poss1b1l1ty that lt will do the Lo

wrorg kma of work " Thls artlcle, therefore, w1ll exanu_ne the questlons L
of : “U.qt how safe 1s nuclear energy ccmpared to the safety of other human o

'actlvltles ’.' L o ' ' -‘ : %.-4‘4-

The Natlona.lz“ §afety Councrl oolrects statlstlcs on all klnds of

acc1dentsm the Unlted States. From a count of the ‘number . of ‘accidents in a _

S year, . the probablllty of accudental death in that population-is calculated.

~Atterrpts to calculate that stgptlstlc for the nuclear power. mdustry met a very .

serlous d.lffq.culty, there have been no acc1dental deaths .in the nuclear power

mdustry, ever THe Atmuc Industrlal Forum, however, rushed in where the

ey

» N3tional Safety Counc1l feared to, tread, and came up with- an estJ_mate that
"o J.S about ‘the- same as the probablllty of being kllled by being: struck by a

.

meteorlte.. These, then, are the statrstlcs that have been collected.

: One death per year per 7700 populatlon in the home‘c
- .. : . . One death per year per 4000 population by automgbile.
-, © One death per year per 100,000 population by a‘eroplane.

nuclear power plant.

" "How many atomlc explosmns in our “cities wou:Ld you accept before . _ .'
déc1d1_ng 1ﬁ-rat nu'cleasr, power_ £ no}: saﬁe '— n,? complex:rtles, just a number»”“ : ,,4-',‘» , '
s 1s tl‘e ind S under*-hande%néedlmg the antl-»nuclear lobby

“¢)

One death.pér year per, 5,000,000,000 population mna’ S

[
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_ In all falrness however, it should be nentloned that there have been -
»x’ & few acc1dents ln the nuclear prodram as’ a whole Included are. nuclear reactor
; research nuclear power research development and conStructrpn, mllltary ~,'
A i reactors, and weapons development programs Even so, the over-all safety
' ' i*ecord rncludlng non—nuclear related acc1dents, is unequaled by any_other

A 'rndustry) or class. of 1ndustr1es ‘as may be conflrmed by consultlng the collected:
' Jdata of the Nataonal Safety Councrl .In the early days of atomlc gy, thene B
‘were' a couple of nuclear-related deaths, and there was one steam# os1onvln

Idaho that kllled three mllltary personnel But there have been no stch’ ) ‘
ulnc1dents -in elther the connercral nuclear power lndustry or 1n the Navy s . \\g,
QNuclear Propu151on\Program '

\,

At thlS pornt, it is 1nstructlve to consrder the nature,of nuclear \\\<

. 'explos1ons as compared with other klnds of explos1dns ’

Gasolrne in comblnatlon w1th the rlght alr'mlxtule explodes 1ns1de your

: ‘auto s englne to produce power to drlve yqur car. : S ‘ '
. Flrecrackers explode when their pcwder 1n51de them burns rapldly ' o
‘,Q The powder 1ns1de a. 30 06 r1fle shell explodes 'd drlves the bullet -

-.when a hunter shoots a deer EO o o

2 .

The- uranlum in-an. atom bomb f1s510ns 1n a chaln
under the. rrght condltlons . e o :‘. .
o Stean1borlers and steam locomotlvec have been known to explode when
“fthe steam pressure accldently exceeds the ablllty of the b01ler walls to hold
ite o« i . L , o '
- In the above rec1tatlon, one notes three«dlfferent klnds of explos1ons
" the gasollne and the powder 1n flrecrackers and rifle shells represent chemlcal
explos1ons the steam explos1ons are due tc the nechanlcal fallure of the" con— .
. tainment vessel and the atom bomb was the. result of a nuclear chaln reactlon
The first two events elicit scarcely a ripple in the publlc S consc1ousness, the
_thlrd event sends shudders of horror up—and—down the publlc s ‘Spine é%'the mere
' suggestlon The’ steam explos1on in Idaho that killed three’serv1ce men Wwas
flndeed the redult: of a nuclear _power burst but it was not a nuclear explosron
In fact, 1t is very dlfflcult to. produce a true nuclear chain-reaction explos1on,
so dlfflcult.that nuclear power reactors can and are built 1n such. a manner that
fa chain- reactlon explos1on is impossable. ' )
' oo The dlscusslon so far has dealt with the issue’ of the probablllty and
consequences of a nuclear reiated accldent ' There 1s also much concern with the
exposure of personnel to radlatlon under normal condltlons . The earllest
experlmental nuclearireactors sometimes left much to be des1red 1n the way of

. shleldrng - not so, now—a—days. Today s nuclear power reactors.are contalned
Q ’ ’ . - \ ' - . - : . s




i w1th1n several vessels of dlfferent klnds for\dlfferent purposes. An inner

'Jsteel pressure "esser contalns the core and llng liquid. - The latter also

L SR

. provides scme shleldlnq ngh*dens1ty concret s used to prov1de maximum : :

‘sﬁgeldlng'agarnst éamma' and neutron absorbers Qxe used to shield against

-‘neutrons. Thus, the exposure’ ‘Of nuclear power pl t workers - 1s no worse than

‘ Three Mile Island‘*n Pennsylvaﬁla.”-

fexanuned in the pa t on Fission Products

that of anyonewworklng inside a concrete bulldlng

W 3 ' " " :
tal releases, will be ‘

-
The waste management 1ssue, 1ncuud1ng enviro

A comprehenslve treatment of what 15 needed to \insure the safe operation
of a nuc lear power plant may be found ln erther of two publlcatlons. ~The report
of the Presrdent'“ Comm.ssion- on the Threc Mlle Isiand cc1dent and Admlral
RLCkOvE’ S test1mony berore‘a Congresslcnal Commlttee were. referenced in Part I
of this series The foliowing quotat. ons. trcm these documents prov1de factual
answers to the issue of reacter safety ; «
' From the Repo - ‘Of+ the P{es1dent Commassron. ,.\ : - . Do
"The purpose of the Commlss\on 1s- to conduct a comprehen51ve study and

’1nvestlgatlon of the recent accident 1nvolvrng the’ nuclear power fac1l1ty on

Yl

"To: prevent nuclear accldents&as cerlo »as Three Mile Tslandn%funda—'

mental changes w1ll be necessary in’ the o#éanl tlon, procedures, and practlces -

-and. above all -=— 1n the attitudes cf rthe Nuclear Regulatory Commlss10n, and,

'Lndustry . : o R ?. , o -

" are treated’ with equal 1mpoltance."

to. the extent. that the 1nstrtutlons we lnvestlgated are typlcal of the nuclear

T : '\ ’ ~

"But as the ev1dence accumulated, it became clear that the’ fundanental

“problems are people—related probrems and rot equrpment problems "o LT | "j

"A comprehens1ve SYCtem 1S requlred 1n whlch equlpment and human belngs

\

"We are conv1nced that 1f the only problems were equrpment problems, :

‘this Presrdent aL Commission would nEVer have been created "

\ :
~'In ccntrast with the subjectﬁbf thls repurt of the Pres1dent S Comn1ss10n,

Admrral Rlckover" testlmony recounts the hlstory of a hlghly successful opera—

tion. . The followrng are some quotatlons from the referenced document.

’

)

" por has there been any 'elease of radloactlv1ty whlch has had a s1gn1f1cant

o egfecf on the env onment

"In the 26 years- slnce the Nautllus land ptototype first opérated,

wh1ch was 1in l953 there has réver - been an accident 1nvolv1ng a naval’ reactor,




- L . o - b/ .
. L . o . Loy, A

This statement becomes all the more .urpress1ve in view of the magm.tude
of the Naval Nuclear Propuls1on Program ; o
Today, 115 nuclear—powered subma.rmes are in operatlon, 41 of these @
' are balllSth missile flrlng submarines and 74 are attack sutmarlneS‘ 23 addi-
 tional attack” submarmes and 7 'I‘rldent subma.rlnes are authorlzed for construc—
tion." 4. N - T T vt :

R "We also have one nuclear—powered deep submergenc«:e research and ocean
engl‘neerlng vehlcle Th.ree nuclear—powered aircraft Carriers are in operatlon.
and - one more 1is belng bullt Elght nuclea_r—powered cruisers are in operatlon,
and one more -1is. belng bllllt Altogether, .L27 nuclear-powered shlps are 1in
operation." ' Lo . i ST _

"SJ_nce the U S S Nautilus first put to ‘sea. in 1955, Naval nuclear—powered
‘- ships have steamed over 40 million miles and have accumulated over 1,800 reactor—
', years of operatlon We have procured. 508 nuclear cores and have performed 166 -
p refuelmgs . _ o
- In his test.urony, Adm.l_ra.l. Rickover explanns 1n great detall the policies -
; and procedures émployed to acoomphsh the above descrlbed reoord ‘He him-
" : .sePf reoogm.zes ‘that not all the methods employed in the Naval Nuclear Pro- 3
. rpulsion Program would be appllcable 1n J_ndustry Never—the—less, the in- R
. escapable conclusmn must be that "If the Navy can do 1t, there 1s no reason g
why lndustry canrot do as well." , ,'-;.:s ; s .j,i

o
95 ., +.L
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. Part 4'—<FiSSion Products and Wastes

Much of the nuclear power controversy revolves around the dlsposal of
wastes The generatlon of electr1c1ty 1n nuclear power plants results in R
four classes of materlals that are generally classed\as waste because they .
do nothlng to produce more electr1c1ty,~ ey are bpparently of no, value to
eral publlc, but that s not—strlctly
BRE! in agreement w1th reallty, as the-following dlscusslon w1ll show. ‘

- The- frrst class may be Calléd‘simply "nuclear dirt." Included are

contamlnated articles that have p1 “up radloactlve partlcles durlng

anyone. -'Such 1s the opinion of the

thelr use 1n construction-or repal/J or were used some way in the handllng
of radiocactive materlals The Situation is much the same as. the one in whlch -
an auto~méchanic would throw away hlS wrench because it was greasy ‘This™ - o
: Qkiiwaste 1s bulky, but the radlatlon level 1s. low, e - L 'h f
A , Another,source of so—called waste consists of corroslon products and
| neutron actlvatlon products in the: process Water, partlcularly 1n the casé
of the Boiling Water Reactors. ’ _ I o
_ FlSSlon products and elements heav1er than uranium (the transuranlc‘
elements\constltute the third and fourth classes _
Bt present the "nuclear dlrt"_lQ stored in plastlc bags whlch are in ‘
Cturn sealed 1nto steel drums A final dlSpOSltlon of this materlal is yet :
| o be decided. | T -
Materlals of the second class- are partlally vented to the atmosphere
when the act1V1ty 1s low enough. Same are 1njected nto deep wélls ‘All -.i ";f
. of these methods have came under flre from.env1ronmentallsts and the matter :
- 1S yet to be resolved However, a study of effluents from the Shlpplngport
3 reactor durlng the period 1957 to 1971 concluded that it was impossible to
i.deternune whether the dlscharge of radloactlve materlals to the env1ronment o
© was ..1in part respons1ble for increased cancer 1nc1dence, 1nfant nortallty, 7
and heart disease in the pcpulation living ln the v1c1n1ty v
_ " An 'isotope of great concern to many 1s trltlunu a varlety of hydrogen.
Tritium is produced in reactors by the neutron-. bombardment of deuterlum, 'j, R
,another varlety of hydrogen. "It 1s also produéed by the ~action of cosmic rays
in the ggper layers of the tm@sphere Large amounts appeared in ralnwater as r'
a result of the bomb tests “that were made durlng the 1950 s. .The co tratlons
dropped back to normal levels, however, w1thrn a few' weeks followrngnthe tests. -
Research has shown that because of the short half life (12 3 Years) and- the

. long time taken for’ rarnwater to reach water wells (40,to 50 years), the. tritium :';

dfops to: about 6% of . the orlglnal content by the tlme Water 1s drawn from a well.




o Thus, the- -deeper thegwellfftheismaller the—residualAtrrtiUm content . N
ThlS leaves the flss1on products and the tr1nsuran1c elements .The
flss10n products are atoms about half the s1ze of a uranlum atom produced )
» when the latter SplltS up durlng the f1sSlon process There-are over two Wt . i‘-'§
hundred spec1es of .such atoms, 51nce not all dranium atoms spllt 1n the
same way when they f1Ss1on Half—llves of these products may«be anythlng
from small fractlons of a. second for sone spec1es, to many years for other ‘
_zspec1es f'All are elther gamma- or beta ray emltters, or both A very few are
:alpha emltters I -4 *\ L T
Nuclear fuel elements are constructed in a manner calculated to retaln
--all ‘the f1s51on products (the nuclear ashas). sealed inside. Many f1ss1on pro—'
ducts are strong neutron absurbersw hence, a peoint' 1s reached suqh that the
.f1s51on products absorb all the reutrons and. the chaln reactron can no longer
. be malntalnedi'lhere ;s strll a large amount of unconverted uranlum in the
' fuel element that can be recovered At presenth spent coﬁnerc1al fuel ele—
vnents stall contaln 70 to 80% of uncOnverted uranrum Yet they are not re—
.processed presumably for polltlcal reasons. Only nulltary'and reseaﬁCh cores
are reprocessed’ “Reseatch on the: dlSpOaltlon of . these separated f1ss1on products
i 'has shown, however, that they can be safely packaged and - may even prove to. be
a source of low- potentlal heat,,for some low—energy dens1ty appllcatldhs
At present f1s510n products are reduced to a granular klnd of materaal
v 'resembllng somewhat a coarse salt Thls materlal generates heat from .the
< g radloactlve decav process and must- be cooled to prevent poss1ble escape of
<?some of, the hazardous material. ‘A nore permanent dlspos1t10n con51sts of )
_"'o'castlng the f;ss1on products in a pyrex—llke glass in sealed stalnless steel _
“‘“’:cyllnders In thlS form, f1sslon¢products could be stored safely for an lﬂ-g'
S deflnlte length of time. The only dra@back 1s. that coollng would” have "to be

_.prov1ded Current resealch 1S dlrected toward the goal of flndlng su1table

crystal structures in natural or synthetlc materlals that would accept the f1ss1on',:

. | ‘products wathln the crystal lattice. This process is- s1mllar to f1tt1ng round 2

- L ,pegs in “round" holes, thus produc1ng a more stable bond between f1ss1on product .
" and host' crystal structure \ v o T T :
h.},_ The necess1ty of- supplylng coollng suggests a practlcal use of thlS 5 o
'supposedly'waste materlal . The gamma heat produced by one cublc meter (a llttle -
: .more than a. OUblC yard, has been calculated to be suff1c1ent to provide space

heatlng for four average hcmes for oné hundred years gThe domestlgumqpllcatlon .

© 18 probably 1mpract1cal but certalnly space heating of large publlc bulldlngs -

. 1s a practrcal.possrbllity. Publlclacceptance is all that would be requlred
[ g S 4
St . o 1 . a5 .. . . i
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For the present, and except for plutonlum—239 the transuranlc elements .

- iﬁfare mcre of a ntlSance than'; a hazard They can be stored in the same way. asx,
?g other fission prcducts untli such tlme as some practlcgl use for them is dis-.
coyered : u |

3

: Plutonlum is arother story One often hears the remark "There’is no o
" 'known way of dlsp031ng ct the plutonrum—239 " . The obV1ous answer 1s "Put it B
in a reactor -and generate e electr1c1ty—w1th it. Then 1t will no longer .

be plutonlum, but flSDlGﬂ E: oducts fcr WhLCh safe storage methodsdare known M

e

Inncplte of "the Shipplngpcrt study mentroned above, there have been : “'“{.""”

'addltlonal complalnts of the dlschavge ot radloactlve wastes to the envrron—
ment. A detailed study -of quurd and. gaseous releases to the enV1ronnent,,
'1nclud1ng the Shlpplngport study,'was publlshed in l976 (Nuclear Power Safety,
by Rust and Weaver, Perganon Press, New York) . The conclusron was,that radlo— B
act1\1ty *eleaces dld not exceed standards that have been set. The controversy,4
however, 1s Stlll raging, and studles are’ contlnulng, not only of effluents from-
nuclear plants butofrcm oth - sources, ‘as weil. Detalled 1nformat10n of pollu—v‘“
tlon levels from all sources can. be obtalned from the Natlonal Cllmatlc Center,b
Federal Bulldrng, Ashev1lle, North Carollna 28801 'ﬂ S TS

-~ . Nuclear power plants are not the only sources of pollutants. Recent
news articles about the genetlc damage resultlng from the dumplng of chemical
.wastes in the lowe Canal area have alerted the publlC to this fact In thls
‘artlcle, only ‘waste products generated by ccal flred power plants w1ll be’.
:con31dered becatse coal is the alternatlve usually recommended. _ .

- When coal 1s burned in bollers 1O produce steam for turbo-electrlc -

-generators, the followrng waste products result: )

e 12 tens of ash per 100 tons of coal buned |
" ;;: o 242 tons of carbon dioxide per 100 tons -of coal burned

_l.v tons suliur dlo}ude per 100" tons of coal burned
_ . {low sulfur grade)
. 6. l tons suifur dioxide per 100 tons, of coal burned
B - ihigh sulful grade)

At 30% efflcrency, 100 tons of coal yields 186, 000 kllowat, hours.

'b Hence, a.1000 megaw coal—flred power plant would burn 537 tons of coal per

-hour. Other toxic materials. found ln the coal ash are selenlum, mercury

: vanadlum, and benzopyrene, among others.’ Radloactlve materlals found in coal

_ ash are radlum and thorium. -The major meact on the environment, however, is .
_due to the carbon dloxrde and the sulfur ledee.. When sulfur d10x1dé dlssolves
mn’ water, one gets sulfuric and sulfurous ac1ds.‘ Thus, one ‘gets the ac1d raln ‘
that one has been readlng about ln recent newspapers.. A more. far—reachlng, long—
term and therefore, uncertain effect is that due to the carbon dlox1de. Re—

search reported in. the Journal of Geophy51cal Research for June 20 l979 estlmates

Q. SRR P




that a one hundred percent dependence on coal would ralse.the global ava¢fve
’-}-temperature by 9 degrees Centlgrade, by the\year 21Qp ~ This temperat em§h—

not- at all clear, srmply bécause they are’ long—ternlandabecause of the complexrty
;Lof the 51tuat10n N o o St v -
l. ' It appearsgitherefore, that any large scale development of energy sources '
‘ of any klnd can have serlous consequences that are not at-all easy to assess.
It is 1nportant that- the average citizen become lnformed of the nature of the
f-problems It is not necessary that one.be knowledgeable in all the details’ of
. fall possible’ energy alternatlves What 1s needed is a sound understandlng of -
;‘f some of the general pr1nc1ples. :

-

¥}
-
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. Part 5 - Encrgy’ Costs
‘ Cost conslderations~go-far beyond-the quoted rates at which electricity -

7 1s sold 'in gents per klloWatt—hour. Whether‘an energy source is economlcal i
.also depends on how much energy is expended in produc1ng the energy dellvered to f

~thq consumer ' = .

. ~ An artlcle in the December 1974, issue of the Smlthsonian discusses
‘the ‘question” of howamuch energy is needed to. produce the energy currently belng

».

used, and concludes that the present energy economy has reached the p01nt of-
'dlnunlshlng retyrns. That s, the energy return for a given energy 1npu is
_becomlng progres51vely smaller. e . '

N - Accordlng to Reference 3 2 percent of the energy in the mined coal is -

\used to mine, transport and’ prepare tﬁe product for ‘sale. Further process1ng

Ay
.

_Hught 1nvolve any of several coal—ga51f1cat1on or coal—llquefactlon processes

' hav1ng eff1c1enc les langlng frcm some 55 to- 85 percent ThlS means that the _ \

conveénience of a laquid: or & gaseous fuel over a SOlld fuel ‘has cost fram 15 to ;E:.

45. percent 1n energy costs ' o c v .

| .For nuclear fuels the energy cost - from mining, ore concentratlon, _
.uranlum smeltlng, fuel enrichment, . to fuel element fabrlcatlon is about 10%. - “:

Thus, coal has an energy cost advantage of 2 as" compared w1th lOﬁ for nuclear

‘,‘ energy. o ' . .

._ " The over—all energy erf1c1enc1es for both coal and nuclear power plants

;have\been estlmated n- -this. same publlcatlon as follows.‘ K

32% for llght ‘water moderated nuclear. reactors -

. 38 to 40° for coal fired power plants 4 .

The dlfference is attrlbuted to the hlgher operatlng temperatures of the coal—' _

-

.(‘. e

' flred plants. _ , e
" In the above analys1s, fuel costs only were cons1dered eventual dollar
costs to the consumer 1nclude, 1nuadd1tlon, capltal equlpment, energy transporta—
tion, and dlstrlbutlon costs These‘latter-ltems are currently in such a state
of flux_that_any estimate of current values would have little more than a his- .
torical interest. Interest rates and 1nflation influence the dollar costs'of.‘
the three items llsted above, all of whlch leads 1ndustry to brlng pressure to
bear on regulatory bedies to 1ncrease service rates.,
Dollar costs and dollar sav1ngs through the use of nuclear power have
been estlmated by ‘the Atomlc Industrlal Forum and by the Westlnghouse Corporation
for the years 1976 1977, and l978

fo
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o

Coal in 1976 1. 8 cents per klloWatt hour ,
oil in 1976, 3.5 cents per kiloWatt hour -
 Nuclear in 1976, 1.5.cents per kiloWatt hour
Coal 4n 1978, .2.3 cents per kiloWatt hour
0il 'in 1978, 4.0 cents per kiloWatt hour o
Nuclear in 1970, 1.5 cents per kllowatt hour A
b &
Dollar sav1ngs through use of nuclearfpower rn 1977 have been estunated

as follows: - o . :

8.00 per year -

Wisconsin = ... .. $§° _
Philadelphia $ '16.00 per year .
'New England '$ 180.00 per'year .

Baltlmore i$ 81.00 per. year N

These flgures, as already stated are of llttle more than hlstorlcal

value; cost forecasts vary. Current construction and equ1pment costs amount
to 70% of. the cost .of nuclear—generated electrlclty, for coal—flred plants,ﬁ

»pthe cost is 35 to 65%. The usé of scrubbers to remove the fly—ash will
- increasg this latter figure.

1n 1986 are $800—$1000 for coal—flreddplants, $1000-$1300 for nuclear plants.

Predlctlons of construction’ costs- per kllowatt

Hottel and Howard (Ref 2) have calculated that it is cheaper to

transport energy as coal than as electr1c1ty
.'ooal—flred generatlng planrs should be bUllt near to usage areas.‘

It would‘appear, then, that

“The. waste

problems aSSOC1ated Wlth coal would seem to lndlcate ‘the oppos1te, with the

energy transported by. electrrc1ty The convenience of electr1C1ty is probably
‘worth the added cost.

plants g

Most experts agree that coal and nuclear energles will be the majo

: sources in the near future {20 years)

Slmllar cons1deratlons probably apply to nuclear power

~

- Qther alternatives will requ1re thaa

tlme for commerC1al development, 1f lndeed they are commerC1ally feasible at

all. - o e

‘On balance,‘therefore;_coal and-nuclear come out about as'follows;

- Long-term Abundance

" Public Acceptance
Initial Capitalization

- Thermal Efficiency:
‘Waste Problems:
Environmental Impact

Ultimate Consumer Cost
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Nuclear equals coal
.Coal beats nuclear .

' Coal beats nuclear
Coal beats nuclear
.~ Nuclear beats coal»-
‘Nuclear beats coal
Nuclear beats coal

"
.
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E;niout,of a day.  The same. news 1tem stated that the construction of several i L
-ﬁ nuclear power. plants had been delayéd by Gonstruction and labor: problems, and

fJannounced that there was a 99% chance that the northwestern states of-Washlng—

o - S RS

‘Part 6 - Rrkks and Beneflts of Nuclear Energy .1

. ” '35 o . _')".
- - . 4 . 3 . B ’ . >
{ a

The ‘evening news on TV statlons in Idaho Falls on Juné 8, l980 S ;!d?iff' )

—a

ton, Oregon, and. Idaho would suffer a severe power shortage w1th1n the next 5
couple of years " Same rndﬂé;rles would. be forced to ‘shut. down, workers would
be lald off and re51dents would be W1thout(electr1c1ty for several hours :‘

‘same others by people objectlng o their constructlon Some that have. been ‘

: planned may never be bhllt, an thOse under constructron may not be completed

\ -

for another ten years '“-gvff'. L ‘ ot Sl ~on

/
" This s1tLatlon wa~ brought about by objectlons ralsed by people who

' themselves~have‘admltted that they know notnlng about nuclear energy. These

;lyrcannot have perfect human belngs, then why should We expect, phllosophlcally,

' means that he- estlmated the likelihood of the event and altiplied that‘by thejh

: afford to pay a $100. 00 fine, then you mlght speed lOO of the’ tlme.' This, you .

+ coal, as pointed out in, the previous part of this series. It was shown that the| . ~

objectors°ﬂlnte*venors ln legll language\ have. clalmed that nuclear Dower g
‘plants are lnherently unSafe, o e

them safe Thé fallacy in. therrlreasonlng is in the f; enor's igterpretation ’ §'f

e da T

Before dlscu551ng(r1sks ard benefits, however, it f 1n§truct1ve to |

. of "safe." ‘By safe they mean "zerd\rlsk "
;
quote from Admlral H..G. ‘Rlcko cr" testlmonV“before a ébngréss1onal commlttee... o

-"The human body is God's flnest creatlon, ~and yet- we get sick. If we k7.f’ :
fect than thelr creators'> :'l -
ough the %?rd hlmself dld L

that machlnes des1gned by human belngs will e more
ThlS is What many unthlnklng people demand ev ‘

not»reach/thls height." B ~ - i _
~ Risk 1s déflned as,the produet of the~probability @f'an event, and the

consecquendes of that ev ent When someone ys he took a calcula ted risk, it

serlousness of the consequences 1f that event occurred If the probability of

gettlng caught»speedlng is.50% and- the fine is SSQQOO then 1f you could afford

"to pay the" $50 00 fine, you would speed only one—half of the tlme If you ocould

balance the rlsk agalnst the benefit. In this case, the benefit[being getting . ; NN

to your destlnatlon SOONE

In the present tance, the beneflts are an abundant, cheap, clean, and
the safest known source of energy devoted to the service of mankind.

The .risks are munimal as campared: with those assoc1ated.w1th the use.of

’
£
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ey ventlng the T-rmodel, - that 50 000 people would be killed annually in auto -acci- /

< acc1dents "y - ’ : S /

.'jsolved t cally, publlc acceptance lS all tha
J:of the Naval NucleanwgropulSLOn Program proves that nuclear energy is not the
‘ dreadful ogre.plctured By the 1ntervenors The Amerlcan people need to‘recognlze
that, like the famlly automoblle and the aeroplane the nuclear powerp eactor‘;%
is a v dangerousﬂdev1ce to’ fool around with, but also llke the automoblle
and the aeroplance, lt can be controlled just as’ man controls ﬁlre - :
A . We are lucky that Ralph Nader did not know ,- when Henry Ford was 1nr .

o dents in the Unlted ‘States at a cost of 34 billion dollars, or he would never/

f“ have permltted Henry Ford to bUlld such an unsafe device. Certalnly, the 'A

_‘lwrlght brothers would not have been allowed to 1nvent their aeroplane, if- ﬁalph
. Nader had kncwn th%t about 1, 000 people would be kllled annually in aeroplane ,

s
The Amerlcan publlc must not let angry 11ttle people deflect thelr

attention from the real issues. The real lssues should be resolved by ratlonal »;ﬁ

‘ judgement based .on factual knowledge, rather than on Fear, Igno/ance, and.”

. : s
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S SFE R N—ECONOMLC ONIT., o T o |

L : el It is true that economics -is,a theoretlcal ' e e
. PR ».. ' sclence, and as *such, abstalns fram ang® - R A

. [T . judgement J vaiuel" - - U ‘ R TR

. " ’Q B ’ - L. . M . ' - -f‘ ’ Lo ’ o o LN s .
e AR R S . el Ludw:.g von M.lses L S TP

I L lNI'RODUCTION S . . _
- Coe . m; o . . P U e . B . ! . ) .9

. The convers.Lon o;a‘;uelesoulce to useable energy ;LS full of- h1 den -
. and not—so—&udden -enerdy qand thereioze economc) costs. Mlm_ng ofacogal oy
. . or uranlunr and drlllmg ot* o1l, processmg, tfanspor'datlon to the power. _ |
o plant, ope:atlon of the' plants, and disposal’of viastes a1l takewenergy (‘ : c’ ,
: c;%e pro%};éd beeper B
/ drlllmg nd fa:cthe: disf:ances oonsqne more enetgy. “As- ea511y@access.Lble - o o
fuels have been mined’ or drllled, more energy has been xequlred to obtam ) L
the-sarre a:mounts of less—accesslble supplles Off- shoze,jxlllmg and ,", f 3
Alaskan o;.l tJ.elds are two examples of the. Vastly mcreagd d_lfflculty

of obtalmng resou.rces, as-well as ot—the tmemendous amount of energy - ‘

e II‘he equlpment that. does theSe _'jC\bS dJ_.L took energy t

-

R

9. : needed to get them to the power planr_. . o N - cl o
SN > The prJ_nCJ.pal alternatlves to nuClear power for large scal \/éenera— e x
B thl'l of eleCtr1c1ty are the fossll fuels - ccbal 01l; and gas. Of these, -

gas 37: tha least i pollut g, bﬁt .Lts supplles are l'_ ed for lomg—tem‘t

o al depend n forelgn ma_rKets w3.th all that J.leleS in 11 cor}qtrollable costs '.-;'..'"'7:
3 d the vagaz N R o
'. ' - La.v;ge domestJ.c supplles of coal seem to be the loga.c
Ebnomic. (as well as, and iargely" because of enVJ_ronmental :meact) costs ‘
\ "ofs\icga_lv- dre hlgh Damage to the land® of mahy - states- has resu'lted £ essentlally B

.
2.

1€eS o§ fo:elgn relatlons. \ L ‘\ . C
anSwer, but .

! :!.'..\; ;’ Gestricted S‘crlp mining. Leglslatlan o require reclamatlon of th land
. mc‘ J_nc:eases the cost of. mlnmg ‘The* env;.r:onmennﬂ mlt surveyed the envn.ronmental
_ costs of burm_ng coal (as well as other fossil fuels) The econamic costs L
. s \%o oontrol these J.mpaCts dre vezy .m.gn In fact, some areas a]_ready assaulted L
by fossﬂ—fuel power generatlun wastes, J_ndustrlal aJ_r pollx:rtlon, and auto A .:‘i
erm.sslons, have banned the constructlon of new fossll-iueled power plants.. : -
a L ', Another factor to be’ consldered fram an eoonorm.c vb.evpomt is the o
‘ tremendous a:mount of water that would be J:equlred for large scale convers1on

of ceal to gas of stean, or the release of oﬁ :trom shale. In 1974 the S L

B |




,"y_loans.

N}
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o

‘»Natlonai Academy or bcrences sald ‘thére mlght be enough wategglp;the West
wto mne the coal, but large scale converslon is beyond the capablllty of thewr
dry Western btateb.; ﬁhé gathérlng,‘transport, 7nd dlsposal of these tremen?ous'”

'amounts of Water even lI lq,were avallable, requlres energy and would be ex-

N W
‘trenely expensrve The conversroﬁ processes are. expens1ve and take energy

3

f&n l974 acdbrdlng tO~WllSOH Clark ("It Takes Energy ta Get Energy,"F : L

A

Smlehsonlan, December l934,, at least one majol oll company de01ded,not
o to bld tor. rederal leases to de@elop Oll shale because ‘the net energy yleld

«
s . . s . H

- ‘, stoosmalilc T - v S . » .
R ‘\"L‘f‘: .T 'l -‘. ' - ) R ‘Y‘ : . ' . - \.lt\ : L mo v . v
R 5 S - ' POWER PRODUCERS R
pi : ‘“" - . & . o . . A S . -
sthKhOlder-Owned Public Utllltlks; o 'f e Lo

.xj. ?“" Approx;matelé:79 of .the
produced Sy investor or. btocknold 'ﬁowned DUbllC utllltles. These companles

="
& purchase/éf stock, llke other,

g;fbut they are publlc utllltlés.. .As_such, the are glven a monopoly 'o pro—:‘

are ownedgby lndlvlduals, through. 1ompan1es,'

.‘,-‘

[

v1de service in a~partlcular area,‘";

~opérate at a proflt.lt thelr stock 1s to be attractlve to the pot'
“'buyer., Utlllty rates ﬁrovrde about 253 of the capital’ for expans1o and -

’§

malng@ ance.: Ihe remalnder ddnes tnrough sale of stocks, bond lssues, and

_ The most ‘amous of’ the pit Ieral power agencres is the Tennessee Valley
;-.Authorlty lt 1s a whollyvOWAedegovernmeqt gﬁktoratlon Wthh serves the
_ sOUtheast states wttn tlood control projects, navlgatlon,channels on the
W’, Tennessee Rlver electric power productlon, fertlllzer development recreatlon,.
Y and rorestry and ‘wildiifer programs _ R S - :
The electric DOwer program 1s tinancially. selr—supportlng.} TVA acts -

ias wholesale suppller o l60 munlc1pal and cooperatlve electrlcal systems,

:’wlth 2.6 mllllon custumers. Power 1s supplled f¥om 29 dams, 12 coal—flred

‘plants, 2 nuclear plants, 4 combustlon turblne lnstallatlons,‘8 U. S. Army

' 2,
':f/Corps of Eng&neers dams, and; 12 Alumlnum Corporatlon of Amerlca dams

<

Another form of federal agency in.the power f1eld is the ‘Rural Elec—

(’. trltlcatlon Admunlstratlon whlch Was founded in 1935 to £inance electrlc

and telephone tacrlltles in rural Amerlca and 1ts terrltorles. Over: 1000

Y

.aniij

o 106

rural electrlcal Systems have recelved.selt llquldatlng'loans and technlcal "
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R a831stance for the constructlon and operatlon of generatlng Dlants and

' transmlss&on fac1llt1es._ - .2’ . N

- , ¥
. N The federal govérnment also has’ a number of Power Administration .

Y

Agencres whlch market power produced at other federal fac1llt1es as well .
‘as prlvate generatlng plants The Southeastern, Southwestern,and Western '

o Area’ Power Admlnlstratlons are examples of these. e

.
v

LT In ‘the Northwest the Bonnev1lle Power Admlnlstratlon(BPA) markets
o Dowér fér twenty dams burlt and "operated by the U. S. Army Corps of En-
o glneers 4nd nine dams bullt by the Bureau of Reclamatlon. BPA also
ma%kets nuclear power from the Hagford and Trogan plants. TIts transmrssron
) system serves as the backbone gr1d for}all Northwest utllltleS and 1t pro— ,,-
oo v1des more. than half the’ total. electr1c1ty used. )

&f the Departnent of Energg —It serves Washington, Oregen,
V4
N Idaho, and parts of. Mbntana,'Callfornla, Nevada, Utah, and Wyomlng, or an

The BPA wa formed in 1937 as a Bureau of- the Department of - Interlor
and is now a E(/’ji\\

: area of 300 000 square miles-and seven mllllop people. ‘Its customers in--
v clude mun1c1pallt1es, publlc and utlllty dlStrlCtS cooperataves prlvate .
. utllltleS, government agenc1es, and 1ndustr1es. : Lt . '

Funds requlred to build, malntaln and oper :‘the dams are approprlated

v

by Congress, Slnce 1974, BPA has flnanced 1£§ operatlon and maintenance

. ._, from revenues, revenues have also financed par?<3f thé constructlon of new .

transm1531on fac1llt1es, ith the remalnlng funds coming from the sale of//

revenue bonds. BPA ‘reyenues also pay for part of the cost of large 1rr1gatlon

o [}

':"."prOject' s. PR R L
v o ;N ‘79 BPA rates are set by 1ts staff after_rev1ew bv the/DeDartment of
. '.!“‘ ¥ :

N 1 Energy and’ approval by. the Federal Energv Regulatory Commission. - The rates
S Hmst recover to. the Government the cost -of produc1ng, purchasing, and.trans—h'
\j‘f . mlttlng electr;c1ty, as well as repay capltal 1nvestments with interest. The _
" _ f » rate—settlng procedure 1ncludes meetlngs with customers Adjustments$ -in rates“
VT have generally'been glven every five years, w1th yearly adjustments to begln

\ in 1980, because of sharply increasing costs.

N A ‘ ‘. ’ . -

Mix of Locally Produced and Wheeled Power ‘- o . ﬂ" F

Prlvate 1ndustry and various levels of - government, as we have. seen,

are all in the energy productlon buSLness._ Government operatlons range fraom
the low head bulb turblne prOJect for the City of Idaho'Falls to the Tennessee
Valley Authorlty 1n the southeastern U s.

&
s

~.




Electrrc1ty is transmltted over networks called J

comblne and dlstrrbute electr1c1ty from a varlety -of so: _es through a - .

large geographlc area. . - ?% o o L » "?

' Every area differs as’ to the amounts of electr1c1ty it receives s

‘Afrom the various sources. .. In the case of Idaho Falls, since the Teton qu

flood in 1976, the munlclpal generatlngXCapac1ty has produced ut 5% of _

the electrlclty used by city customers.§ The remaining 95% p chased ' o r

from BPA.- Afte{—the low head bulb turbine project is completed Idaho ' ’

Falls will be able to produce approxrmately 20% of rts electr1c1ty ‘ .
The area. of Bonnev1lle County surroundlng Idaho Falls 1is serv1ced

by Utah Power and” nght (UPL) a praivate Utlllty UPL produces 1ts owm* .

electrrclty. Nlnety-flve percent of its generatlng capaclty is ‘cpal-fired,

" with about 5% comlng from hydro—electrlc fac1llt1es in the Bear River area.

s
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. powEr doets

Table IV;l llStS the dlstrlbutlon of energy demand among the various

v

-

sources and users. - A cost breakdown for electr1c1ty generatlon 1s also glven

_ , Table IV—l- 3
\ — ™ .
Distribution of Sources and Users '
- " Source: Unlted States Energy Data Book l979 The Instltute of
Electrlcal and Electronlcs Englneers, Inc '
__.Use of Energy in theJU. S. in l977 ' = o S .
S Coal ‘18.6% ¢ SR L
IR 0il (469 1nported) -48.8% - - S . S
. Gaes . A .ﬁ25.8% :
L. s Hydro C -kf" C32% - =
t  Nuclear s 2| 3.6%
- — /
- 4 '100.00% . . R
U. s. Energy Use - 1977 ‘1_'1; . . , o _
Source - | - Rgsid. '+ Comin. ° *  Indust. = Trams. . Total
* coal .40 3.08 ¥ +10.2% T, Q5% . 18.6%
01l - ‘ 6.0 5.8 - - 10.4 '26.6 © . 48.8
- Gas 8.0 \ 4.5 12.5 - 0.8 25.8 .
Hydro 1.0 0.7 ' 1.4 0 .. .. 3.2
' Nuclear 1 2 0.8 : 1.5 T < L
2L2% ¢ 148 ~36.0% - 28:0%  100:0% -
' Electr1c1ty Generation Costs - l977*** S - .
' (Ccnnonwealth Edision) : e :
: © ¢/kiWh
T e Operation . .Capital - _ N
AR - h ‘Fuel. &'Malnt. . Charge ' . Total -
,.Nuclear*'v - o o o ,b " _' f. _ o B
- g@System Avg. < 0.35 A 0.22 : 0.76 = o 1.33
System-Avg S 1.21 . ©0.30 . . 0.90 S 2.41
» *Nuclear 1ncludes allowance for carrylng charge of fuel in reactor and ultrmate_i
waste ~disposal. : ) i o g
**Coal includes allowance for carrylng charge of a 90—day coal stockplle
***Source of electric generation. cost figures:: Sc1ence, Vol 20 (Rossrn &
‘Rieck) August 18, l978 "
3

;) d - . o » ’ _d B . : _ .n.




. Relatlve Power Costs a ' .

L

Table Iv=-2 glves same relatlve costs of electr1c1ty. Table IV—3 shows
_V ‘savings to consumers. Table Iv-4 shows the percentage of electrlc power S
IR gengrated by nucldar plants May, 1978

-

oo ! . . _Table Ivl2 - L LA (-
'17'l, ' _ : ‘Naticnal Eiectridity < - o
‘ . . ~Generation Costs .

1976 1978
; Coal - ® - . ~ 0 L.8¢kwnh ¢ 2.3,
: “ S : o * .
) 01l o : S 3.5 4.0 .
LT . . v ’ . ) b .
- - Nuclear . : 1.5 . 1.5

(Sources: l976 rrgures from Economlcs of Nucledr Power, Westlnghouse

. v Corporation; 1978 figures from Time-Related Nuclear Plant:.
T Capltal Costs, Westinghouse Corporatl@n) : L
S G ' ) . a T

The cost ot generatlng electrrcrty in nuclear fac1llt1es remalned
stable, whlle the cost of £o551l—tuel generatlon has been 1ncrea51ng.
'-Utllltles u31ng both nuclear and tuSSll—fuel tacilities have estimated .
that dollar sav1ngs to thelr customers have occurred ‘because of the '
.-avallablllty of nuclear power L - Lo
| Table IV-3- I
"' .'1977 Cost Savings to,Typical~Res1dential" -
_ Customer Because of Nuclear Power e

o - - ;l:ﬁj;hsconsih o S . 5 |
.,’a}j ;.' o ' Ph¢ladelpn¢d atea s16 - .
, SR New England ' . 180
.Bartlmore S s 81

(Source: _Atomic lndustrial Forum -and Westlnghouse Corporation)
In 1976, Connectlcut consumers recelved a $21. 5 mllllon rate re-
'ductlon, because of the heavy . reliance ot Connectlcut utilities.on nuclear
power. The utlllty whlch provides power to the Metropolltan Chlcago'
v
area estimates that its nuclear plants,produce electr1CLty 25% more

- cheaply than low-sulphur coal-fired piants. .




.7 Table Tv-4

' Percentadge of'TOtal.Electricity;éenerated'by Nuclear

Plants in Teading Nuclear Power Stages; May, ~1978 ~

1

5 -~ - . Connecticut s , 56%. . :
- Nebraska - . . 47%
“Vermont 44%
Maine . 40%
South Carollna _ . - 36%
Minnesota . :31%
. Illinois - 30% .
) " North- Carollna 30% :
A Wisconsin n29% . T
Arkansa%- - 25%
. ' . - (Source: ‘EConomics_of NuclearfP0wer,vWest;nghdbse Corporation)

[

-

Vol

Capital Costs . ¢ .=t

Initial constructlon andzegulpment costf amount. to 70% of the cost -
-~ of electrlclty frcnlnuclear power plants, and-about 35- 65 of coal—flred
plants (the use of scrubbers: 1ncreases cost of constructlon) Predictions
of construction’ costs per kW in 1986 -are $800 1000 for coal—flred plants,
$1000-$1300 for nuclear plants.
‘however, beeause of llcens1ng procedures, nuclear plants average an addltlonal

' -two years before constructlon beglns

‘The cost of equlpment is almost 1dent1cal

- Nuclear and coal will be the two main. sources of bulk electric power- o
'for'the foreseeable future (in’ most parts of the country) dIn reglons w1th :
-access to large deposits of low sulfur coal coal will be more economlcal

;Otherw1se nuclear power has an economlc advantage

: T

T . . - . :
> . . . . i
L . e ! R . ¥

' The cost of transportlng energy by varlous methods has been calculated
by Hottel and Howard. A summary of thelr results is .given in able JV-S
Though they do not quote the cost .of transportlng fuel elements, 1t seems -

) reasonable to su;bose that. it *would be s1nular to coal by rall 3

'Transportatlon Costs

o .. m o A2




J * _ .
. ° . o o . . . . - & .
-2 o o .
Vo - Table IV—5 o SRR R
s, \_' . . . s l N L . "‘
Energy Transportatlon Costs - "”; . AT
co C ; : ," Cost: Cents per mllllcn BTU L
»Transportation Method - o S - .. per hundred mlles
_Electrlc hlghllne (AC orDC) - " _.,_8 to 18 cents. o
e Coal by rail - L ) S ) <3 to SiCents7 : fg
| ..Coal bY.PlPellﬁe‘J-r¢,f R -~~m53-~w;*fii.5fﬁoi3 cents. ..+ e
‘O11 pipeline :. N REEE ST : oo 4 .t L. 5=cents.-‘ . :
. Liquified natural gas ' -». . 0, 8 cents e P
.:GasAplpellnei I W v’\;:,'f ' l 0 to. 2.5 centsn~‘ ._“f'.”&gl. '
" 01l by barge o '.~: e [ 0 4 to 0. 7 cents:- R
T S S AEE I - W '
- 01y by‘tanker Lo .5ga ~; e s 204 25 to 1.0 cents N

-

- Ry v : v : = N
Note:~ Range of. cdsts due o dltterent dlstances. Lower costs are for longer
e ~distances" D, to 1,000 miles." ngher costs are for dlstances of the o
. S order of 1100 to, 200 mLies. Sources are glven in the’ reference. T

Tax Structure - Etfects in Prlvate Sector L

There have been a number ot studles ot the tlscal or economlc, 1mpacts ’
of nuciear power plant constructlon and operatlon on communltles.l The study- '
'_‘referred to 1n thls sectlon ls, Flscal lmpacts Assoc1ated Wlth PoWer Reactor‘
v',"A 'Sltlng~ ‘a Palred Case Study," by D. J. Bjornstad The study was prepared ‘ .
for £he U. S. Nuclear Regulatory CommLSSLQn. R i uf S f'f"-zlf
A Durlng the constructlon phase of nuclear faCllltleS, the town w1ll '
J“,experlence economlc stress and boom -- these phenomena are dlSCUSSGd 1n the -
SOClOlOglcal Unit. «The prlmary effect atrter. construction‘is in the' publlc 3}. 0
N sector. This 1s true because the plant Wlll employ relatlvely few people |
. and buy relatlvely llttle ln local goods and-8ervices. As. a result the
"economlc lmpact ot operatlrg nuclear plants lSKOH the tax base.,
Property tax assessments of publlc utllltles 1s extremely complex In'
29 states, lncludlng ldaho, a state agency is charged with assessments and

L} -

only ll states’ leave local aSsessors wholly respon51ble.

X

€ .

There have ‘been few court tests or other appeals of tax rates set on -
nuclear faCllltles by asseSsors. ‘The utilities don t want objectlons elther -
to locatlhg there 1n the flrst place, or to expandlng The towns on the -
otheI hand don’t want to call-attention to thelr'Sltuatlon. _

' At the time the study was prepared (med l970's), the Massachusetts )

and Connectlcut leglslatures were conSlderlng leglslatlon which would have

o redlstrlbuted tax payments from power .reattors on q;statew1de pbasis. = .

1
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~ The Bjornstad study used a four—part framework to analyze the 1mpact
of nuclear. plant property taxes. The f1rst is the tax1ng ablllty of the

'connmmlty, what other sources of revenue° -- the degree to which that ablllty

is used or tax1ng effort the uses to Wthh the revenues are. applled and,

[ 4

the effect of tax expendlture decls1ons on the local economy This frame—,

Twork can be used to deternune the effect of addltlonal “tax dollars ln any

, communlty L .é R L o -g'i]

- In the two communltles studled in the project cited earller, local e
assessors are respons1ble for assesments. The communltles studled were’ E |
Waterford Connectlcut and Plymouth Massachusetts ln each case property

takes were the primary local revenue source’ and in each case, those revenues

. approx;matelv doubled. Both communltles decided to reduce tax rates.

. This decision is crucial. If the tax rate had remalned the same,'the“

communlty would have ‘had: addltlonal funds to lmprove and/or to offer new

~serv1ces By deciding to decrease the rate, the amount of local publlc

'revenue remains stable, and the local dlsposable lncome 1n the prlvate o

-sector (1ndlv1duals and bu51ness) 1ncreases. ThlS can_lead to;lncreased'_

‘business act1v1ty and expans1on

'~ Tax Structure - Effects in Public. Sector

lower Alloways Creek Townshlp, New Jersey,_ls a town Wthh has

- used. power plant taxes to pay: for many_lmprovements and serv1ces in the
ﬁpubllc sector Budget surplus allowed the town, ln l979 to bulld a new

fire statlon, new senior 01tlzens center, and an. addltlon to the school (which

has a l3~l pupll-teacher ratlo) Maln street was remodeled a flood control

dprogect begun "and roads rebullt all pald for w1th cash.

In earller years, a new fire hallqlmun1c1pal center, tennis courts,'

"~ school addltlons and a pollce department were bullt The town has also.

purchased a ski resort, Wthh it plans to develop , . .
Other parts of the country have ahso beneflted from the nuclear- plant s

_tax payments, 1ncludlng three area hospltals

There are no local taxes, though properrv owners»pay a. county tax f
of $l 40 .per $lOO of assessed value ($420 on- a $3O OOO home) V



"OTHER COST CONSIDERATIONS |

-‘Job Multrpller Effect . ; ,
o Tb the extent that new:jobs are created and that these 1nd1v1duals
llve in the COHHMnltV, they use: houSLng, retail goods etc., and thus '
contrlbute to ‘the econamy,, creatlng addltlonal jObS. A Florlda study '
-found that each Job created by the Martln nuclear plant facrllty resulted

in 0.67 of a job in the communlty '.' - R -
0old Power vS. New Power , _ .
- No - 6ne needs to be told about the effects of 1nflatlon and extremely

high interest.rates on new constructlon.- Aswlong as these economlc factors

contlnue, the pr1n01pal dlfferences .in costs of power generatlon Wlll be
between old and new power, rather than between coal nuclear, 01l hydro,

etc. WL .
- Costs of constructlon ‘for all types of new . power qeneratlon can be’
expected to contlnue to lncrease at a rapld rate. New and fev1sed safety

. :J“fprov1s1ons for nuclear power plants will- drlve cqsts even hlgher . By the

. _ same token, the intention to burn more coal w1ll bring 1ncreased demands

“. fram ﬁﬁhlcal, s01entlf1c, envrronmental and other groups o lnstall scr

£

) and other equipment. _7'“ B - B S L

L)

. T As a. result, 1t 1s 1mpossrble to progect future.costs accurately »
' “Edch new faClllty Wlll need to be cons1dered lndlv1duallY“on its economlc

[y

merits. = . .
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CITIZEN EDUCATION ON NUCLEAR e

‘ ’V—POLIT.ZLCAL' UNIT |

- "I do not understand n sald ‘the -
o -1ittle prince.
' "There is nothlng to understand," _
R said the lamplighter. "Orders
, are orders. Good Morning.™ =
And he put out his lamp. . .4

- Antoine de Salnt—Exupery
The Little Prince '

INTRODUC.I‘ION,. B s

' "Polltlcal“ as used in the present context refers to the manner in
Wthh a government deals w1th the nation's problems -'in thlS case, energy -
problems " To have an “energy policy,™ it is presumed to mean ‘that - one has
a plan of actlon based on the nature of the s1tuatlon in questlon Under -

" normal @@ndltlons, the urgency to- "adopt a pollcy“ is mlnor, if’ not in .

. 'The Pres1dent s Commission on the Three Mile Island acc1dent has‘made

fact absent. ‘Under “cr1s1s" condltlons, the demands for "a statement of
pollcy" became ‘ever more strldent ©A crisis usuaily results ‘whenever
sources of supply, demand costs, profits, dlstrlbutlon means, and the - T
_ system in general get out’ of balance; irt such a case, a "pollcy" is

. supposed to set everythlng right. Hence, the current demands on Congress
and the President to dev1se an energy ‘policy for the Unlted States At - .
~ the present wrltlng the content of. any such pollcy, assuming there 1s one,
is not . entlrely clear - Is it to retain or remove controls?: Is 1t to
institute ratlonlng° Is it to tax lmports> Is it to promote the develop—
ment of nuclear energy, oOr ‘of ‘coal as an energy source, or is 1t_to pro- ‘

. hrblt such developments’ Or is it a dozen other thlngs one nughl‘lmaglne° .
o What one can say about the United States' energy pollcy

recommendatlons, and changes in the Nuclear Regulatory Commlssion and in

't.lndustry ] management of nuclear reactors are certain to be made " This unlt,
.then, ‘will dlSCUSS only current matters and these coul | be dlfferent by ‘the

: tlne this materlal is. prlnted ‘ o

NUCLEAR REGUIAEORY COMMISSION
The Atomlc Energy Comm1ss1on, for'many years was respons1ble for '

hresearch and development of nuplear power and also for regulatlng its
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~use by private industry In 1974, these'resnonsibilities were'divided by_.
“the- Energy Reorganlzatlon Act ‘which created the Energy Research and.
-Development Admlnlstratlon (now further reorganlzed 1nto the Department
- of- Energy) and the’ Nuclear Regulatorv Ccnnuss1on (NRC) .. . "
. Within® the NRC several boards - and connuttees deal w1th llcens1ng of
‘connerc1al power plants. The office- of Nuclear Reactor Regulatlon analyzes
 the plant S des1gn and operatlonS‘procedures for safety . The Adv1sory '
- Cammiittee of Reactor Safeguards retalns consultants and contractors to
. 'supplement 1ts own staff of experts from varlous fields to adv1se the NRC.
ay,The Atomlc Safety and Lacensrng Board is app01nted by the NRC and con51sts of_,
an attorney, who acts as chalrman, and. two. technlcal members , ' '
' The federal state, and local requlrements for as many as- 52 llcenses
are the major reason the llcenSLng procedure takes so long for commerc1al .
L nuclear. plants (typlcally, 10 years). Many of: these llcenses are aleo re= -
//?' quired for other power—generatlng plants and are related to land water,
and air 1mpacts There are no comparable federal licensing. Drocedures for
coal-fired or other foss1l—fueled electrlc generatlng plants, however, or
for hazardous chemlcal Droces51ng plants. ' ’

: _Llcens1ng Procedures T T f_' . : .
_ - Two llcens1ng proceduré;.are'needed before a connercial'nuclear facility
can begln supplylng electricity to custcmers. The first deals w1th des1gn ’

L\\‘ and constructlon, the second 1s an operatlng permlt
.- After a utlllty selects a site and -an archltect/englneer, it begins
437 1ts construction llcen51ng procedure with the Nuclear Regulatory Comm1s51on
y A Preliminary Safety ‘BAnalysis Report is filed, with 1nformatlon about des1gn,
:locatlon, safeguardsaand a comprehens1ve env1ronmental report ‘Tt also conf
. tains detalled safety factor calculatlons on all components, systems and-
'fl methods of calculatlon._'., . : . f» : f ‘
- ' Whlle the utility is Dreparlng this lnformatlon, the NRC holds the -

first of a series of publlc 1nformatlon meetlngs deallng with safety, en-

-cﬁironmental impact, locatlon and type of plant, the regulatory process and
1 for publlc partlclpatlon in the llcens1ng process.g ThlS processV
can take am one to three years. , '

After the appllcatlon has been recelved by the NRC, a- rev1eﬁhbrocess
begins and coples of the appllcatlon are placed in the NRC PubllC Document
 Roam in Washington and_ln,the area of the_proposed plant Coples of all '

other‘correspondence and documents are made available, also.

*




. .‘ 1 . . . ,_/
T@e,revrew of the appllcatlon 1s concerned w1th des1gn methods and

_ procedures, characterlstlcs of the proposed locatlon, evaluation of potentlal
o dﬁ;equences of . hypothetlcal acc1dents proposed operatlng procedures plans
- for- emergghcy actlon, programs for quallty control and control of radloactlve

. wastes. - The process also yerlfwes all the- utllltles calculatlons 1ndepen—

-~ dently. | ThlS review procesk takes from one to ‘two years ) e

'  After th review has Satleled the NRC staff a Safety Evaludtion = °
Report is preppred. During the review perlod the Advrsory Commlttee on
Reactor Safeguards is, also reV1ew1ng the app_;catlon.a If the ACRS ralses

any questlons ‘of . safety, or 1f any addltlonal information 1s avallable after;

‘the isstance: of . the Safety Evaluatlon Report, the NRC prepares supplementary

'Ireports I : S '[) o

' , The staff _also camletes an 1ndependent environmental review (w1th
publlc hearlngs), 1ssu1ng a Draft Env1ronmental Svatemént for revrew and -

" comments from federal state and local agenC1es,as well as lndlvrduals and
'organlzatlons. A final Env1ronmental Statement 1s then prepared and 1ssued.

o ‘A public hearlng is then announ 3 at which time wrltten ‘and oral
'.'statements may be entered 1nto the record é;he hearlng is conducted by . _
'the»Atomlc Safety and Llcens1ng Board. : : ; : o S

' '. if, after all of thlS, a favorable dec1s1on is reached and approved
'by the Atamic Safety and Llcen51ng Appeal Board and the NRC, a constructlon.v' P4
'y_permlt is issued. ' Scme types of constructlon, such as s1te preparatlon, '

. temporary constructlon support facrlltles, etc., may. have already begun )

. under a lelted Work Authorlzatlon, after the NRC has determlned that there

is a "reasonable assurance“\that the permlt would be granted '

Separate hearings are held to guarantee that the appllcant 1S 1n
. conformance with anti-trust laws . ' o

4 The process of -gaining an operatlng llcense beglns -with' submlss1on of .
a Final Safety Analys1s Report It contains 1nformatlon on, the final des1gn
of the fac1llty, final safety factor calculatlons, and plans for operatlon

gency procedures. The staff agaln reviews the appllcatlon, prepares

Evaluation Report and the ACRS ‘makes another 1ndependent evaluatlon
; publlc hearlng is not required at this point. However, the NRC

s notice that 1t is cons1der1ng lssulng the llcense and anyone may . "_:”’
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If flnally granted the operatlng license contalns Technlcal Specrflca—
trons for tha safety, env1ronmental, and health measures which Tmust be met -
There are also hundreds of NRC and EﬁA regulatlons. The entire process,

-from srte selectlon to operatlon, ‘takes about lO years, if there are no long
delays. '

o Inspectlons Durlngfoperatlon " o ,
' The NRé maintains lnspectlon and enforcement programs durlng the con— :
structron ‘and operatlon of the plant.
The Offlce of Inspectlon and Enforcement is charged w1th 1nsur1ng that .
the utlllty operates the plants according to the gfov151ons oL -1ts llcense. "
The Env1ronmental Protectlon Agencv and the NRC s Division of Reactor Llcens—,'

- ng audit utility records  The 1nsurance ‘campanies whlch provide pool coverage'

also 1nspect utlllty operatlons. - : y/

CltiZen Participatlon - B .
In addltron to the federal publlC hearings - -and the public lnformatlon

2 ~['neetlngs outllned earller, state utlllty commlssrons also conduct public

hearlngs Indrvrduals or organlzatlons may have thelr’1nterests/concerns/
questions nede a part of the record and consrdered durlng the dec1s1on~maklng :
process T R C ' ‘

_ Under the structure whlch has been establlshed aff cted partles (those
with a partlcular 1nterest in a partlcular plant) may act as. "1ntervenors," ‘\
‘_whlch means: they may not only present testlmony but also question the testrmony

of others as- part of the proceedlngs.' -~j‘ = B s . ’.

_Anyone dlssatlsfled w1th the, decrsron of the llcen51ng board may appeal
first to the Atomrc Safety and Llcens1ng Appeals Board and then, of course,

" to the courts
)

“Slgnlflcant Court Decisions o _
' There have been two cases whlch have - 1nterpretedkand défined the re-
sponsrbrllty of the Nuclear Regulatory CatmisSsion under ‘the Energy Reorganl—

bzatlon Act (l974), the Atomlc Energy Act Ll954), and . the Natlonal Envrronmental:

| Pollcy Act (1969) .

The Calvert CllffS decls1on requrred the AEC ~and now the NRC to prepare

_lndependent envrronmental lmpact statements and the Scientists' Instltute
for Public Information dec1srq? requrred the preparatlon of environmental
lmpact statements on the lmpact of overall programs, 1nclud1ng development

nprograms as well as 1ndlv1dual utrlrty requests for plants
\g/ '. \ ‘
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" INSURANCE
: laablllty Insurance , _
The Prlce—Anderson Act (an amendment to the Atomic Energy Act of l954)

v_passed in 1957, establlshed a system for 1nsurlng against loss_fr@m a nuclear -
'generating plant accident. Prlor”to that time, private insurance companies
~had been reluctant to enter into the field because of o experlence and’
lack of capacity on the part of - individual . companles ‘
_ H&meowners insurance generally contains clauses whlch Limit thelr
llablllty these. limitations include earthquake, flood waves, land and
mudslldes and nuclear damage In the case of the nuclear exclu31on, theo_
reason is to channel .all such clalms through the mechanism. set up by the
| Prlce-Anderson Act CAll legal proceedlngs are jorned before one federal
’ court to 1nsure unlformlty of legal treatment of claims. " The 1njured
arty must prove the amount of ‘damage and that it occurred because of a
.nuclear accident. The coverage of. the Prlce—Anderson Act.applles to ,

e transportat;on of radioactive materials as well as operatlon of the plants
, (O January. 45" 1980, the NRC published findings that the Three Mile 1sland
'.'1nC1dent did- not result 1n damages covered by the surance program) '

Ccmpanles which operate power reactors are requ1red to malntaln ‘in-
“surance to the maximum amount avallable from the private market In l979
that amount was $l40 nuﬂllon (per incident) ., This coverage 15 prov1ded by
:1nsurance pools I o ' . ‘ _
‘ ‘If an ac01dent were to occur Wthh was not covered by this $l40 nulllon,
" the 1nsurance pool would then assess each nuclear licensee a & premium of
up to $5 million Jper operating regctor * 1n the middle of 1978, thlS ,
assessment would have ‘raised an addltlonal $340 nulllon, for a total of $480
" million.  The utilities also- 31gn indemnity agreements with the U.S.N. R o
to- provide guarantees to the fedErally requlredgginumum of 5550 mllllon
_ The Prlce-Anderson Act was revised in 1975; the federal lndemhlty is .,
-belng phased out as prlvate coverage grows Today that lndemnity amount, _
.-580 mllllon, 1s the dlfference between the 5480 mllllon prov1ded by the ' ;.
. pools and thelr assessments and the $560 million required by the Act.
Orlglnally, ‘the amount of federal part1C1patlon was $500 million. Through
1978, total payment of 1nsurance claums, from all nuclear causes (some not . -
a part of the nuclear power program), totaled 5614 000 " No clalm has ever
requlred payment fram the governmental 1ndemn1ty'and the $20 mllllon in fees
(for 1ndemn1ty coverage) paid by nuclear power companles has gone. lnto the

.federal general treasury Tal ~-/'.

~
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The governmerit prov.ides 1ndemn1tv coverage in other areas as'well,

including crop 1nsurance bank . deDos1t 1nsurance, savings and loan.account
insurance, FHA and VA housrng nortgage 1nsurance medlcare and medlcald
T maritime vessel mortgage insurance, veterans llfe 1nsurance, unemployment
1nsurance, Soc1al Securlty, and government employees 1nsurance. .

- The dollar flgure llmlts the llablllty of the insurance comoanles but
LIt does not llmlt the anount wnlch mlgnt be Dard ‘for personal or: Droperty

N

losses. Congress 12?ccnnutted by law, to provide whatever addltlonal
compensatlon may be needed. Provrslon haS been made for lmmedlate payment
to cover costs of emergency Sheltcr, food and medical care.

Other Insurance : :; R R - c S ' .,; -Qﬁ

Bu51ness 1nsurance rates and levels of coveraoe have been reasonably <&
easy to set because flres, releases of toxic. materials, etc., happen. with 2
¢ same frequency. As a result, rnsurance comDanres have suff1C1ent data to
estimate frequency and probable damage. | '
In ‘the case of the nuclear lndustry, this formula dldn t. work Be-~
¢ cause of "very small orobablllty/potentlally large consequence the system'
//éet up- by the Prlce—Anderson Act was developed in 1957. ‘ o |
' Llfe 1nsurance companles recognlze no lncrease in hazards‘for those
pollcy—holders llVlng near connerC1al nuclear power plants. '
POLICYDEClSlONS . '. . . .

_ ln view of the present tluld condltlon of Unlted States' energy
' pollcy in general and nuclear policy n particular, the partlcloants in.
. this course\have an oppdrtunlty to lnfluence the formatlon of such pollcy
~through their congress1onal delegatlons. A cons01entlous study of the: Q'A{'
material in thlS course and of the materlal in. the blbllographles can »I

result 1n ratlonal conclu51ons concernlng the lssues relatlve to nuclear y SRERE X
~_energy and the alternatlve sources- These conclu51ons should 'be coammuni-

cated to youf representatlves in Congress as well as to the elected officials.

i -
% . G

1n your communlty. N . N
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| TECHNOLOGY T |
' VI—DECISION MODULE R
INTRODUCTION ) | D \ |

o CITIZENEDUCATIONONNUCLEAR L %\

: Volumes Rave. been written. on the subject of "dec1s1on maklng, ' ;: f {
particularly on decision maklng_at.the natlonal level, not all of~which
is very understandable to the'average reader; At the cammunity level, .
.: however, the local res1dents usually know what they want. The problem v | 7
1s that 1ndiv1duals usuallv have confllctlng desires, ’and their percemr- g *‘/}/-
'tlon of how to satisfy those desires leads to additional conflict. Sound _
dec1s1ons at theqconnmnlty level, therefore, must’ be made through the . R
.-democratlc process o _ '

_ The democratlc Process, . ‘as used here, 1s understood to mean not the *
'forc1ng of the majorlty opinion.on an unwilling mlnorlty, but rather the
resolution of'oppos1ng oplnlons and des1res through compromlse based on a

ratlonal consideration of fact and the. realltres of the s1tuatlon ' To
~ that end, this. dec1s1on module focuses on a process ' Th a recent review
_ of ‘the llterature on decision maklng, Charles 0. Jones( )decrys the .
empha51s on pr0cedures and organlzatlon, and lack of substance in that .
"llterature He 1dent1f1es four "components of decrsronﬁnaklng the 1ssues,- ";
_ the part1c1pants and thelr expectatlons, organlzatlon and processes, and
- proposals and- programs “In the present context, the 1ssue is s1nple -t"to
,bUlld, or not to build a nuclear p0wer plant " The. part1c1pants and thelr
"expectatlons are also deflned. The proposals and programs are the result
-of the dellberatlons of theqcommunlty part1c1pants There remalns, then,
the process by whlch these proposals and programs are developed ) o
The elected off1c1als of local state, and federal governments are-the ‘
'f? ones in® our soc1ety who make all flnal dec151ons in commpity matters. That
- does not mean, however, that prlvate c1tlzens cannot have some volice 1n§&
the conduct of communlty aﬁfalrs . How lnfluentlal that yoice mlght be w1ll_'
depend ahnost entlrely .on’ how well-lnformed that voice ‘is in thé matter at
1hand. ‘It is adv1sable, therefore, that ccnnmnltles lnform themselves of
~ the. facts:.nthe case. . R O "
A program such as the "CITIZEN EDUCATION o NUCL.EAR TECHNOLOGY can, do
that. “The materlal 1n thlS unit was deSJgned to prov1de a framework for
~fthe use of crnnmmlty groups in formulatlng a posrtlon on the 1SSues in

question. SR .
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. . Many- v01ces,_all competlng for the attentlon of conmunlty off1c1als,

1s not the way to gain thelr attentlon. Organlzed groups are much more
effective. 1t is recommended therefore, that cammunity re31dents concerned
about the exaistence, or proposed existence, of a nuclear power plant should
organize themselves into an advisory group constructed along standard
organlzatlonal prlnc1ples to the end that, as a group, thelr con31dered

opinion mlght carry same welght w1th ‘the officials charged with maklng the QE’J

pertlnent dec1S1ons Ex1stlng servrce clubs, such as Rotary .Kiwanis, or
C1v1tan clubs can serve as the parent organlzatlon tor that purpose.” &

' The follow1ng material has. been desrgned for the use of such groups to-
help them arrlve at lnformed and well—thought—out posrtlons on energy i ’
questlons in their communlty { o . b

' 1 [
¢ L . .
H .

\ PURPOSE

: L o o

The purpose of. thlS Declslon Module 1s' to prov1de an outllne for use’
by local communlty groups to assess connmmlty attltudes and to formulate
reconnendatlons to civii authorltles. pAlthough the program is prunarlly
lntended to deal with nuciear technologv, much{of the procedure 1s appllcable
to any 1ndustr1al development. '4' o ﬁ_f’_;?

Culd

o . -ELEMENTS OF. DEClSION MAKING : R T

The elements of dec151on making are concelved as follows:

»

g dgﬁli- Establlsh priorities
ot .I'_. 2,'

b;
lore alternatlve means for attalnlng those
prlorltles. :

iSelect‘the most acceptable alternatlve. _

- i : Develop a plan for- Implementlng ‘that alternatlve. $}

_ When a dec1s1dh has been reached, the process moves.into the Implementa—
tion phase. Thls latter phase lS the functlon of- the ClVll authorltleS°
connmnlty adv1sory grou054Can only aSslst those authorltles 1nfﬂak1ng the

necessary de01s1ons for the. attalnment of the establlshed prlor1t1es.;'

A
4

Establlshlng Prlorltles

\( Crmnmnlty goals arranged in the order of thelr lmportance to the

amnmxuty resrdents (prlorltles; mist be set by those res1dents themselves.

Follow1ng are sone p0851ble goals llsted inno partlcular order .




TAB.T_F.. VI 1 h

- Communlty Goals ;ﬁ:' :

3 L el aiz ;Ff':fff{}?;»', L ;’4f : L
b.’ Health and safety of commmity re81dents
- c. . Low cost, dependable electr1c1ty
’ d.:_.}Agrlcultural con51derations . .
e Industrlal expan31on S = o '
. ,ngh qualltv educatlon fOr the conmunlty s youth
AV 9';-, _Contlnu_lng educatlon, for adults T
'EXDlore Alternatlves e 'f/. o » .f--;;,; iy \

A llSt of alternatlves for each oﬁ the above goals can next be made.

Since th.lS pr‘

et

] deals spe01f1cally W1th energy, the varlous energy .. : - "f.{,\
L alternatlves are glven ;Ln Table VI—2 Detailed analyses may ‘he »fomd in
o Annual Review of Energy @ e T ST

o

N No attempt will be made here - to llSt alternata.ves for the oth oals -
' ' 'because V1able altern tives depend strongly on the local. 31tuatlﬁd .local""

X . iR . e . . e t?‘.
' re81dents are be £ llfled to‘ know what they are. S A e A
o . &\l” o - SR :A x . . . A .
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;Disadvantaqes % » : v
- 'lﬂA very lOW‘denSLty souzce T l' “

; ol
o < G
o :
N, ‘
..... . d
-
-

.. for: large SCale appllcatlons

”.spacecraft S DA S
‘fLarge storage Capa01ty~needed

eNcn—Dollutlng L .,~:.__E N :'Ef‘
"Wldespread avallablllty . E

. Anintermittent; ‘e

-Very laxge quantltles avallable

{TABIE VI-2 AT -

.oﬂ“f"Energy'Altefnativesl - 1'JF R ot

15Solar:Energv o

a;*TNonrpolldtlng S < L 3 fl S
b “;Wldespread avallablllty ‘ .: : '_R\'_%:i;‘S,Y f‘_ff.gmi S
d

Contanu1ng costs 1ow g'

Ideal for lOW-DOtentlal dlspersed appllcatlons S . .

':‘ . . . 1 A . ~

@

Capltal costs and: space requlrements prohlbltlve

g L.
9*.~ Voo

Not SU¢tab1e for mobele appllcat1ons,_except Ln

Noout e - -
;~ WLnd.Energy oo
Vit ’." ’ BN P T B .
r\. - - . . :
‘&,- . i
-

PURTEN

c. Low malntenance, automatlc-operatlon p0331ble u} -
Total potentlai hagh T e -‘" s
: Undul hccmlecated macnlnery'not needed

'erratlc soarce o ow

Large sfciagevcapacmty needed

/'Not dlrectly applicable to moblle appllcatlon -

Capital cost of laxge scaLe appllcatlons llkely to be hlgh

'Relatlvely strong winds needed for large scale appllcatlons

« .0 .
v (L . alo

Coal En.ergi " ; [ A R ' -.,

A hlgh energy. den51ty source "4 o

Convertlble to forms sultable for moblle applications
. , P , .
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:Appllcabie-technoLogy well developed o o o {
:_Publlc acceptance very high S Co '



’-DlsadvantageSJ.:»

;'SOlld waste a s1gn1flcant fractlon of orlglnal
" fuel welght ‘and/or bulk

c. »Effect on. world cllmate due to resultlng carbon . : o
_tdlox1de is compllcated and as yet, relatwvely unknown
. ] d. vBadly pollutlng as currently applled - '_ ;f‘*
o Oll and Gas ' _:
A a. _A hlgh energy—dens1ty souxce : :
: b.f_Appllcable technology well developed
-.c. Public acceptance very high '
: - d.. Ideal fOr'mobile'applications -
. Disadvantages = = . - ' '
B a. In‘short supply _ oo
B .b...Canbepollut;Lng‘,_ :
ST 'vv'f'o;;.Lxmlted supply leads to monopollstlc control N
SN ;.' | Nuclear Erierq‘y‘,".' ) g
Advantages . : v
L W a.i Pollution minimal }
?%”.:g b Very hlgh—dens1ty source - ';
E? ‘c. Cost competitive w1th othe; sonrces :
A.d&_:long—texnloperatlon w;th low.refuellng costs ;
e Ideally adapted to. large—scale operation , .
t f} ‘Supplles adequatewfor'long—term operatlon
'bisadvantages o .
P a. Extensive measures to guard agalnst radlatlon ' ? T
S . -exposure are needed : ’
e e ‘b; Nuclear ' ashes ‘are: very ra oactlve and requlre careful
L : handllng to av01d radiationf exposure. :°
3 . ¢c. .Not su1table for, moblle appllcatlons
d,.;ngh 1n1t1al capltallzatlon ;i : um'
e.’ Polltlcal cllmate results in long delays in 1mplementatlon "
‘ ! ‘ o ,Q. =
Lo
N " T /}
. \ ; o . .. - e
.o 12 A 3 .- -
X & v
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| Geothermal Fnergy -

. Mdvantages A | .
g Al ".'A hlgh energy density source |
b . | -Relatively non—pollutlng
"'cg:I_owtuel cost e
. | _,_Probably a long—term source
. _ . Bas1c technology well developed
- . \f SuJ.table for space heat_mg, if favorably located
gt g Stiitable for low-potential aple.cau.ons, aU.Ch as i
agrlculture .
D1sadvantages _ e : S .
a.. ,Must be developed on—s1te, th.ch may ‘be remote from 3
o ,::' use areas _ . .
b, Not sultabae for mobJ.le appllcatlons :
o e Dlsposal of tnermally—spent fluids a problem .
- - d. Ir}\_some areas, the dlssolved mlnerals may present problems 3
e - Hydro-Electric o
Advantaes S . .
R a. Nohjpolluting . |
- b.  High energy-density rscsarce
- c. .,_Low ma_mtenance cost.
o d. A renewable source
DiISadvanta'ges'. ' '
' - a., In ‘limited supply )
bl Must be developed where found
_ﬂ.“f:cf:t'_j_lhgh initial. caplta_l_lzatlon oosts

"d

Not sultable for moblle appllcatlons

Other poss.Lble sources that. may have a lJ.mlted appllcatlon in certaln
areas are thermal gradlents in tne ocean, tidal energy, ocean wave - motJ.on, :

blomass sources,:, and waste heat :from J.ndustrlal processes

Select Acceptable Alternatlves '; ' o .' .”_;a.‘

Advantages and d_Lsadvantages lJ.sted J.n Table VI-2- form the bas1s for
’I'he lJ.stJ.ng, however, is only suggestlve, .

selectlon E_n the _energy case
’ and factual data pertment to each of the llsted items must be determined _
)1ocally.:, ’I'he ‘material contaJ_ned m the five IJILLtS prov1des some of that fact:ual

e

C'\ !
v
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.Which of:the advantages and disadvantages'are COnsidered'to be of .

'j'overrldlng Importance is a matter of personal preference and must be
.establlshed by democratic action. '

Successful plannIng Implles not only that. the plan is loglcally sound

~and feaSIble, but also that it is. acceptable to connmnlty res1dents, .
.complles w1th local laws and restrlctlons, and has the support of c1v11"
':authorltles A strong publlc relatlons effort should therefore receive

as-much attention as. the strlctly technIcal aspects.
In addltlon to the technlcal env1ronmental and economlc factors'“ )

.lmplled In the foregOIng llst of energy alternatlves, SOClOlOglcal factors L
need to be ‘considered when developIng a plan. ' '

That plan must resolve questlons derlved from ccnnmnlty attltudes,'

'.'preparedness, .and educatlon ThlS, too, requlres an appllcatlon of the -
g ?democratlc process, since personal preferences, for Wthh there is no

accounting, Wlll ‘be the maln hurdle to overccme In the SOClOlOglcal area,
there are few objectlve factors.,

I
o

m'rERIALs FOR DECISION MAKING = w5

Sound dec1s10ns, whether personal or‘publlc, can only be based on*
facﬁual lnformatlon Unfortunately, total Informatlon is rarely attalnable,

:but in most instances, some klnd of decision is imperative. - The only're—' .

_ course, then, is to employ whatever experlence—based judgement is avaIlable
:That is, when lnformatlon is lacklng one must rely on the judgement of
experts ' S ' S ‘ o

The flve units presented above were prepared on the bas1s of the

' - best lnformatlon avaIlable, plus scne oplnlons of experts  The blbllography
;llStS additional sources of, more. detalled Informatlon These and other, '
' sources. to. be found in publlc llbrarles should be consulted by Interested
7'_perscns and anyone charged w1th maklng pertlnent dec1s10ns .

P Y
- . . . B Py -
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CITIZEN EDUCATION ON NUCLEAR ‘.« '
LOGY (CENT) -

'; The D:Lrector and Staff of CENT take thlS opportunlty to express
. their apprec1 tion the efforts of. volunteer personnel who ass1sted in,
' _nak:l.ng the mlon survey of Idaho Falls res1dents and of senior hJ.gh |

’ school students . '

' STAFF PERSONNEIL

N : The text and teacher s quide: for thlS currlculum were written
~and edited’ by the follow:.ng staff personnel and rev1ewed by the J_ndJ.— .
| cateci oomm.ttees and adv190ry groups. - e '
CDR. ROBER[‘G. NISLE, USNR (REI‘) —PROJECI‘DIREC‘IOR o .
_ ! CDR Nisle was - educated at the Mlchlgan State Un1vers1ty. "His _
'_ lexperlence has mcluded a broad range of sc1ent.1f1c flelds in both ‘their
, rpractlcal and theoret.lcal aspects. In the field of Exploratlon Geophysms,
. he is knowledgeable :Ln seismic, grav:.metrlc, electrlcal and geochemical -
methods DurJ_ng World War:: II, he served in the Navy s Bureau of Ord— ‘
. rnance as Progect Officer for Radar Aids to: Bambing. Follow:Lng WW II, he
_‘.taught phys1cs for a time at the Un1vers1ty of Houston, and then. became e
engaged J_n Petroleumeroductlon Research for PhJ.lllps Petroleum Cozrgoany :
71n Bartlesv111e, Oklahoma Prlor to his retlrerrent in l973 'CDR. Nisle
P spent seventeen years as a senior scientist for various governmental con— ‘

: tractors engaged. in nuclear. power research He is a member of the Ameri
y Geophys1cal Unlon, the Idaho Academy of Sc1ence, the National lele Assocla— .
_ \tJ.on, and’ the American RadJ_o Relay League. He is an act:Lve radld amateur |

_ | holdJ.ng an Advanced Class. Operator s L:.cense. ‘ '

l

! ) . c .

i MRS MARY E. ALBINSON - EDUCATION CURRICULUM COORDINA'IOR ' - .

1 P
‘ .f .Mrs. Mary E. Alb.mson was educated at ‘the Un1vers1ty of Arlzona ’
t ’ and Brlgham Young Un.‘x.vers1ty She served“for nine years in the Idaho
f
E
i
l
|

| School District 9l as Coordinator in the Mlgrant Education program. ‘She . .
has also served at varlous t.m‘es as a member of the Eastern Idaho Spec1al
Serv:.ces Board, memlger of the State Board of . Dlrectors, Junioy MlSS Pro- .

o gram, on the Parent Adv1sory Board for Title I Mlgrant Educat.lon, member

\)4 “ ‘. | . o . | s ‘ B .~l33 | ‘ . 1 xd | | ‘. | .
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1
of the Bonnev111e County Humane Soc1ety -and- the Salvatlon Army Board A
Nbre recently, Mrs Albinson was, for three years, Staff Ass1stant for
the Greater Idaho Falls Chamber of Conmerce

»,

Mrs. M.Llam graduated from the Um.vers1ty of Nevada, Las Vegas, :
in 1973 with a BA. in Polltlcal Sc1ence She then began postl; graduate work

.;Ln Public Adm:.m.stratlon while actJ_ng as a teachJ.ng ass1stant. Her dutles )
-J.ncluded lecturlng a large mtroductory class in polltlcal 'science and T e

teach.mg three discussion- “groups per week From l974-’76, she tutored

. read_mg in the Montgonery County, Maryland school system. = She also spent
- several years worklng w1th church youth groups, rangmg in age from junlor ‘
hJ.gh school through oollege. ‘

ous capac1t1es w1th the League of Women Voters, J_ncludJ_ng currently serv1ng |
as Treasurer on the State Board Co : - : L

AMR A..C. V\DRT.EY COMPTROLLER

- Mr, Worley 1s a graduate of Southeastern Um.vers:.ty w1th a degree

“in Busmess Fmance. : He ‘has also oorrple bad graduate oourses adrm_nlstered
-by the U. S . ‘Department of Agrlculture e
.natJ.onal Acoountants Soc1ety, and the: Dale Carnegler Instltute Mr Worley sf e
work experience has been J.n the fJ,eld of Budget Analys1s and Exanu_nata.on o

=

”“v ash_mgton, D C., the lnter— * N

for the U. S. Department of Agrlculture, the U. S. House of Representatlves
Sub-Approprlatlons Comm.ttee for Naval Operatlons, the Idaho Operatlons '

. Office of the ‘then Atomic E:nergy Conmss1on, and for Aero;et General Corpora- |

tJ.on.‘ He 1s a member of Idaho Falls Elks Lodge, Idaho Falls Russets Lions’
Club, dnd the National Association of Retired Federal. Employees. In 1971—72'

Mr. \rley was Governor of I.nternat.lonal Assoc1at.1.on of LlOl'lS Clubs DlStrlCt

‘DR EDWIN FAST - NUCLEAR TECHNOIDGY COORDINA’IOR

f\ . Edwin Fast was educated at Tabor College, Hlllsboro, Kansas, .

*Frlends Um.vers1ty, chhJ.ta, Kansas, and the Un1vers1ty of Oklahoma at Norman.

He was employed as a research phys1c1st in Phllllps Petroleum Company S -
Research Laboratory at Ba.rtlesv111e, Oklahoma, prlor to caming to Idaho ,
Falls. At the National Reactor TestJ.ng Statlon (now the Idaho Natlonal En-

: gmeermg Laboratory) , he served’ as superv1sor of the research group operat— '
ing the- react1v1ty measurement faClllt.LeS.v SJ_nce his ret:.rement he has been o
‘ 'engaged in prlvate oonsultlng work for the Department of Energy '
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Project Review Comittee:
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' . ‘Capt. T. J. Wadsworth
Lo  Gary Higley
"~ Roger. Scott
'~ 'Sid Cohen -
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k W-Prof Joseph E. Prlce '

EE Nuclear Technology AdV1sory Group: -
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.Ef.s’w-

. Edw1n Fast (Nucl. Tech. Coord )

~ Environmental Education Advisory Group:

. E.G.& G. Idaho, Inc.-

. Alan Begley ’
Ronald Hampton
Richard Patee
Dave Nelson e

. Laron Shumway
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.'Ben-Stutzman'

Dr. Wayne BlllS
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Mr. Marv1n Eld ‘

Mr.. John ZOCChl .
Mr. Paul Henderson
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Mr. Roger Scott.
Mr, Paul Henderson
Mr. Richard Lindsay -
Dr. Ron Cordes
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'Sc1ence Apollcatlon, Inc

Bonneville County Civil Defense

S Bonnev111e High School Pr1nc1pa1 R
~ E.G.& G: Idaho, Inc. :

‘E.G.& G. Idaho, Inc.

' Associate Dean, Liberal Arts’

College, Idaho State University
Chalrman -Department of Physics, Idaho
" State University

: Dlrector, Energy Experlment Statlon,
~ Idaho State Un1vers1ty

hY

L B ’
Retired. Physicist -
Retired Physicist
E.G.& G. Idaho, Inc.

whe

Teacher, Skyllne ngh School .
Teacher, Idaho Falls High School

© Teacher, Skyline ngh School

Assistant Princival, .Skyline ngh .
Vlce Principal, 'Eagle Rock Jr

""High School
_Student, Skyllne High School

E.G.& G INTERSEC ReD : '
rBonnevrlle Co. Civil Defenselerector_
‘University of Idaho, Commm1ty '

Fducation -.
Cammunity Representatlve .
CrnnMnlty Reoresentatlve, Env1ron—
mental -Spec. '

._Ccmmunlty Representatlve - Argonne

ol

- R
o
oo



